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[Availnble on loan fram CIA library are summaries of the following five Soviet N
taxts: ‘

a) Prineiples of the Study of Metsis and Heat Treatment, 170 pp, Government
Scientific - Technical Publishing House of Machire Industry Literature,
undated, |

(Reviewer 's Remarks: Thefe are a few data (mentioned in this review)
which would probably be of scme interest but, in general, thLe material
presented in this book is well known to US metallurgists.)

b) ML%} Hlardening, (Termitcheskaia Obrabotka Stali pri lnductsicnnam
Nagreve), by J N Kidin, 316 pp, Government Scientific - Technical

Fublishing fouse of Ferrous and Non-terrous Metallurgy, Moscow, 1950,

(Reviewer ts Remarks: In the Reviewer's opinion this book 1s a valuable
contribution to our knowledge an Inductica Hardening, It covers
tharoughly difierent problems involved in this process. Most of the
sonclusione drawn by the authcer are supported by results of his own
extensive investigations.' The author demanstrates vory well that there
-are two main factors governing inducticn hardering processes, These
faotors are: temperature and heating rate. It may be noted, however, ~
that many of the photomicrographs are not distinet encugh and no details

are given aas to etching reagents and magnifications used,)

c) Meta of Steel, Qpen Heerth Process. (Metallurgiia Stali Martenovskii
Process), K G Trubin and G N Ovks, 763 pp, Government Scientific Technical
Publishing House or Ferrous and Non-Ferrous Matallurgy, Moscow, 1951.

(Reviewerts Remarks: Some paragraphs of the book are too sketohy and not
clear enough, whereas others are unduly lengthy and contain too many

unnecessary details, thecretical dlscussions and repeticions, In zeneral,
U.8. Officialoc Only
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the material presented in this text book is fairly well known to US
Metallurgists., Nevertheless some parts of the book selected by the reviewer
would probably be of same interest. It is very significant that, evidently
for political ressons, in their discussion on erystallization of steel,no

nention was made by the authors of the work of Colomel N T ' , the ablest
pupil of Prof Tghernoff. In referring to his work Sauyeur ("The Metallography

and Heat Treatment of Iron and Steel", Albert Sauveur, Second Editiom 1918,
page 208) stated that "we are indebted to Colonel Belaiew more than to any

ane else for our knowledge of the crystallization of steel”,’
Irop-Sironium-Alluninun Alloys by I I Kornilov of the Institute of Ceneral

and Inarganic Chemistry, Iaboratory of the Iron Alloys. Published by Academy
of Science, Moscow 1945. ‘,

(Reviewerts Remarks: This book should be of interest to US readers, particularly
to those 3'norough1y familiar with the subject. The bock contuins 51 tabler
and 15/ figures. A great majarity of them would require a lengthy description
which is i.mpossible to make in a short abstract. It is suggested, therefare,
that the reader consult the text as indicated in the present review. It 1o
cansidered that magnification of some photomicrographs is not 'adequate; it

1s not high enough far & correct interpretation of the atz‘uctures discussed.)

In Steel (Elokeni ¥ Stali), 332 pp, by V S Doubavol, Government Scientific- .
Technical Publishing llouse of Ferrous and Nen-Ferrous Metallurgy, Moscow, 1950. )
(Reviewer’s Remacks: This book is difficult to read because of an excessive
number of dectails which are not well coardinated, The argumenta against the
hydrogen theory (that hydrogen is tkes only facter respmei‘ble for the presence
of flakes) are somewhat conflicting and not entirely convincing, However, '
some duta presented by the auther and deacribed in- thigd review should be of
interest to US readers.)./

i '

- end - ‘
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ERTUCIPLES OF WFL STUDY OF LEPALS ADD HbOD TRILTULLD. g

Book 170 pages, LGovernment Scientific-~ Technicel

\ ) 1
Publishing House of Lachine TIndustry Litersture. R
The book is divided into 10 parts. It concerns AL

only the iron-certon slloys.
_Fert 1 - 4 brief outline of physicel metellursy, pp. S5-19.

Steel mekine g§cesses classificetion end structure

of steel gre briefliy outlined. The iron-carton constitutional
diesrem shown in fie 5, p.14 is &n outdeted diamgrem. This
pert is oif no interest to Americsn metellurrists.

Fert 2 - Principies of hest treetment of steel, pp. 20-38,

This pert contejns common informetion on guenching,
temper.ns, induction surfece herdenings, nitridines, cyenidinge,
cerbtonitridine and heet trestine furnaces.

Pert :3 - lletels used in the menuilecture qf_gutomgp}vq

_perts, pp D¥-ol.
Common knowledre. ,
__Pert 4 - Hest treetment Ot Torpimgs, mp 9z=70.
Aannealines gnc normelizing ot torved pieces and tlreir
control by srinell herdness end metallorsrephic examinations

are very trieily discusased.

fert '5 - iuenchine o1 dirterent erticles, pp 71-87.

yuenchine o1 hub-nave (tir.2d, p.72), cemshaft (fig.28,
p.74), erenksheit, drivine remrs (fir.47, p.82), piston pins

(fir. 50, p.87) is descrited.

L— L‘“ Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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A genersl view of the assembly used for quenching rolls
is shown in fis.30, p.77 but no detmiled description is
?iven. Tre quenching press for quenching gears is shown
‘ in fig. 49, p.84. It is equipped with two pneumetic
cylinders for the lower <nd upper dies, The lower part
of the press hes & reservoir filled with oil. 4 hot pear
with its teeth up is plsced on the lower die #.d the upper
die is pushed dowr, so that gear is clemped tetween these
dies. liext, the dies snd Feer are immersed into oil by
méans 01 &ir pressurs of the upper cyiirder. The oil enters
under pressure thourh the openinss Lo,1 and circulates botweeﬁ
the geear's teeth. |

. Fart 6 - uenchine i1rom surisce hesting, peges 88-Y65.

The high trequency inductiion heating and flame hardening
are briefly outlined., It is stated thet the best results in cjm
irduction heatins practice ere obtained with steels conteining
0440 to 0.45% C. The hardened layer of quenched article :
consists of two zones, zone msde of mertensite end tragatite-‘
-martensite and a trensition zone. The depth of the tirst
%Ors should constitute et least 75% o1 the totsl depth of
the hardened lsyer. In 4induction hurdenings, the position ofi
en article in tre induction furnsce is ot sreat importance. ‘
Tbe hardened layer of thre cylindricel article should te
concentric to its surtsce asnd of unifor@ depth. To ottain

this, an article skould be placed in the furnace concentrically

L» Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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with respect to the induetion enil, otherwise oné may

expect result similer to that 111u°truten in fi?.al p.92, .
witte nifoTani ! ‘

i.e. excentric poeition and, unifermity in depth of ihe ¢

herdened leyer. lffezt: of a8 ecreck on hardened 1eyer is

demonstrated in fis. 54, p.S2. ? .

fart 7 - Temperine, pp.v7- 104

lachanical properties 0f tempered steels depend upon

the temperature, durstion of temperinr operbtiongand, tor

cortein elloy steels, upon the rate of coolinz.i

#ir. 61, p.lOL, shows the effect of tempering temperacure

on Lhe Rockwell hardness of steels contsining onao, 0 .20 and
0.60% C.
The influence of temperﬁture on the impect tourhness is
presented in fig. 02, p.101. The reate ot bestinw in the

liquid media is 2 to 3 times sreater then in Lhe geseous
medigk. Thereiore the ‘duretion of tempering inia liquid

medium ic smallsT ‘&8 cowpared wilh a saseous mohium. For plain
carton steels, tre ¢ooline rete of rF tempered a}ticle has
prectically no effect on its mechenicel propert}es. For the
alloy steels {nickel-chromium, chromium munwaneée. chromium

snd some other stuels) the impsct touFhness decreases with

a decremse of cooline rate. This reletion is glluatrated in

fis. 64, p.103 for steel containings G.3! C, 1547” Cr sund

3.6% Ni. The temperings temperstures in °C are: plotted on

pbscisse &nd impact toughness kg/cm orn ora&nate. =
| !
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Solid line refers to fast coclins and brfkcn line to Low

|
one.

}art 8 - Carburization, pp. 100-123— oo

: The paék and gas carburizing proeess a‘nd also heat. |
tﬁeatment of| the case hardened machine pért? pre desc 1béd. ;«

{ | sien ‘

'l‘w;o types of the tarburizing ‘compounas ‘used;ijn one Rt

piant are given in table 3, p.110.
|

O =
i Mt - Rl o S ¢ e ——

The toxes employed for carturization should be constructed

i Tege 5 L
Type Roan-ieep 5‘05/*9«.' [Cake i cam 54&0%( Alansine, d‘vwf&.
" leatgre negpion [cuggate] i | megin |00
A | 2025 | 0-0G 13.5 6.5 o5 |50
(E \120-2 L o.10 §S~o 1.5 —  ilso
|

|
|
|
| :
| |
! i
| | |
in such a manner thet ior a given volume tﬁeir suria¢e exposed
| ‘

i L H
for heatine|is trhe maximum. They shoulid be made of|a heat-
Lo |

‘ P |
resisting a}loy. Rete of heatine in the nges durink cgrburi-

J :
éation is riven in tir. 71, p.1l4. ;

I
L
I

}n hrs. on

i .
Temperstures in °C are plotted on ordinate{and time
sbscisse. polid line evidently (no exalanhtion is ?ivcn)

| i
represents temper:. tures measured in the middle part.of the box
| |

i .
and broken line near its suriace. The required ten erzture

is rsached by the erticle subjected to carburizatioF only after
i o

ﬁ to 5 hrs. o l
| i I

ens carburiczation finda a widiiaoplication. .
i
For this purpose z mixture ot ~ases produced irom horoecne

‘ i

rt the preéent time,

!
i
-

' [

| ‘
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ty pyrolisis and crecking processes is of psrticuler use.
Egquipment used for pyrolisis and cracking processes is oL
shown in! fig, 72:728 p.l1l17 - General view; 72t p.1ll8 - Side m

Wiew;,; 72C, p. 119 - Low part of equipment. |
In figures 73, p.l22 end 74, p.1l2% ere shown eyuipment for e
purificetion and dryines of rascs and e mufile furnsce for ‘
res cerburization (lonesitudinsl section)

Part $| - Cyenidineg of machire parts, pp. 130-148.

Cyanidine is used in both, lo4 end medium carton steels.

Cyenidinp mixtures used in Russisn plents are riven in

teble 7. r.132. The first column of this teble indicates the

Frade, tFe second, third snd fourth columns ~ percents of

sodium cbanidc, sodium cerbonste &nd sodium chloride respectively.

The mixture containinz 75% cyanide is considered as very prscticel.
Influence of sodéium cyenide concentration on depth of

case in mm. in 40 x steel (C, 6.35 - 0.45; Mn, 0.5C - 0.80,

31, C.17 - 0.37; Cr, G.BO - 1.10%) st ditferent °C is shown

in fiep. 81, 0.133. Duration of cyaniding wes 40 minutes.

3odium clyanide concentretion is plotted on sbscisse and depth

of cuse in mm. on ordinsate. ;
Ef|fect 0of tempersture on cese depth in mm. is presented !

in fie. 162, p.104. Sodium cysnide concentretion wes 20% end

duretion of procese 45 minutes.

Temperstures:?C:. .ere: plotted on ebscisse and case depth on ;

ordinste. Tre type 0t steel used in these experiments is not

-

.L— L‘ Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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mcntio"ad. 1t is sssumed that it wag the geme 40 v steel.
Lifect of tempersture snd durstion of bcatin or:

depth 01 case in 20 x steel ( ¢, 0.1 - 0.25; V$ 0.30 -~ 0.60;
51, 0.17 - 0.37; Cx, 0.70 - 1.00) ie shown in fir.83. ‘

Sodium gynnid? concentration wes 20% Du*ationiin min. is

plotted on ebscisss snd cese depth in mm. on orﬁinate.
i

,ame reletionship tut for steel 40 X (Chemicpl enslysis

i

Pf tkis gteel is given sabove) is shown in fis, be, p.135. }
\ |

;bteclswinvcatigatcd were 20 A, 40 X znd 40. CEFMICal analysis

\ ‘
o1 steels 20 2. end 40 L were alreedy mentioned.

| :
iehemical anslysis ot steel 40 is as follows:

i
i |
C, 0.30 - 4d; tn, 0.50 - 0.80; si, 0.17 - 0.37; 5 mex. 0.045;

and P mex 0.045% .

. pert 10 - Hesl trestment nf sprines, discs and couplines

Dp. 149-15%

This part is of rno perticulsr interest.

| BIBLIOGRAPHEY, n.152 | j . ;

e

There vre lz references, 811 Rucssiern Putlications.
|

ATPLIDIX, op. 153-170 i : :
i : i

Irn tatle 1 are rivén dit ferant
[

Trere are 1C telles.
\
‘freir chemicel enalyses Erinnel hardness,

tengile st ren'tb in }?/mmz end 7 Lonrauion.‘ H :
| . !

typen ¢z steel

Tptle 2, pp lo4, 105 shows difterent tyopes oiistocl, their i ;

|
chemicel anelyses &nd brinell hurdness tor both, ennealed &nd

unennealed cteels.

i
|
‘ ‘
! |
i
i i
1 |
i \
|
| |
| i
I
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Teble 3, p.156: A - Tensile sitength, elongastion &arnd

yield point values of 8 types of the p}ein-carbon steels.

B - Chamical snalysis of those steels.. ) ‘

Tatle 4 - Heat tremtment snd charactbriéti 8 oX the common

structural steels.

Taktles 5 to 8 inclus. - Different typeé"dﬁ}spring end

wire éteela. their clhiemicsl analysis.fheéﬁ featment. tensile

I
strength snd hirdness. i

Table 10 - Brinell end Rockwell haz('dnqaé £nd corresponding

tensile strength velues of some plaizf:jcér:ﬁ p‘,‘. chromium and

nickel-chromium steela.

Reviewer's remerks:

There sre & few dats {mentioned in t?is review) which

would probtsbly of some interest butﬂ;in general, the

materisl presented in this book is vLell knpwn to American

metallurgists.

RDP80-008( 9A000 100170204-4
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Table 3, 0.156: & ~ Tensile sttencth, elonration &na

yield‘point values of & types of the plein cerbon steels.

3 - ubem¢cel snalysis of thousc steels. i
Table 4 - Heet treetment &nd cbaracterietics of the) common E
i T ki

i
h ¢

structural steels.
Taﬁlee 5 to 8 inclus. - Different types of spring‘éndg' :
wire;steels‘ their clhiemicsl analysis, heet traatmenf.‘ %nsile ! ' .
strength &nd hcrdness. : ;‘
‘spénding

Table 10 - Brinell &nd Rockwell hardness &snd corre

| |
teneile strength values of some plsin cerbon, chromJum{and
‘ f

nickel-chromium steels. R
! : |
|

Reviewer's_remerks: | !
There are & few data (mentioned in this revier)fwhich ‘ ;

would probatly ot some interest tut, in genersal, th% I
to American
| ‘ !

materisl presented in this took is well known

metallurgists.
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INDUCTION HARDENING . (Termitcheskaia obrabotkeds E
stall pri inductaionnom nagrevgl J.N.Xidin, book 316 pages, ey
o O 2PfHe

Government Scieﬂtlfic-Technical Publishing House of Ferrokis and

Non-Ferroms. MetallurBY. Moscow, 1950.
The dook 13 divided into 10 parts.

Part 1l - Methoda of Surfaoe hardening of e.eel artiolea. rages 13 to39.

Thero are three baaic methode of hardening
1. Thormo-chemical treatment
2. Surface hardening by extornsl source of heating
3. Surface har?ening by internal source of heating.
In the therpc-chomical treatment the surface layer cf an article
is saturated wité carbon, nitrogen, chromium or 8ome other ‘elements and
the article is tﬁen heat treated. In this cag?, the steel article is
heated through aﬁd it 18 very aifficult to control the properties
throughout its cfosa section. Cementation 1.0, to 1.5 mm. deep requires
10-16 hrs. 1 ; 5
Surface harhening ¥ be produced by the ﬁae of oxyacetylene or
some other flame.‘nf 8 liantad Sath,or o eéiecirolyte (!asnogorodaky 8
mothod). PFlame hardening may be successfully applzed to ateel when the i
contents of the different elemunts are within the following limits; !
C, 0.30 - 0.70%; Mn 0.60 ~ 1.60%; Si, 0.20 - 1.50%; Cr, 0.20 - 1.76%;
N, 0.30 - 3. 50%-4:0. 0.15 - 0.30%.
However, flame hagdening is mostly applied to s Plain carbon steel
containing 0.45% C. » ;

Surface hardening of steel is sometimvs carried out in molten les=d

L Approved For Releasje 2001/07/31 : CIA-RDP80-00809A000500170204-4
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which being heeted to eoor- 860”C, has a very high coefficient of heat

! * ‘ amm
conductivity. | i ‘ m
| ! rsu—-'

In the electrolyte #ethod developed b* Yasnogorodsky the lead i

plate (anocde) [and steel rbd (cathode) are immereed into sodium chloride ‘e !
or some other electrolyte}eolution. A higb tension electric current
|

peasing through the bath forms:e hydrogen envelope around steel rod.

Thia envelope\1noqndcxlyaheeted to a high temperature (sbout 2000°C)

ites heat to the steel rod. ngn the temperature gt the

C.
omewhat above the q&z peint the power is

and trenefere

surface of eteel rod is 8
cut off, the hydrogen enwelope disappears and the steel rod is guenched

in the electrolyte. i ‘

A conteot method (1urfece hardening ueing an internal source of i

heating) is deeoribed ar follows: a steel Brtiole (cylinder) is placed
|

between the centere of e\lethe. A small copper roller (fig. 7, P.26) 1

rigidly eeoured in the slide-rest of the meohine is brought into contact

with the eteel cylinder ﬁnd closes the electrical circuit of current
| \

pessing troug# the steeol lcylinder to the ccbper roller

\
when the lathe is Auh in opuration :h% st66l cylimder and rolls
I | ,
start tc rotere and the éopper roller is troereed automatdcelly
parallel to the steel cyfinder, Since the contact areas between the roller {

and cylinder 1e very emall the current density is greatly increased

at that point‘ A8 soon Te the heated porti

comes out of contact with the roller 4t is epreyed with a ~o0ling liguid.
\

With thie installation the temperasture of the surface luyer 0.06=0.1 nm

thick of steel cylinder wee found to te about 450°C and this Layer

bn of the steel cylinder
|

was not herdened. The tempereture of the next layer was found to ve

\
|
\
|
\ [
‘ ,
|
i
\

|
i \
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points and thie layer wes not fully hardsned, its

between Ac, and Ac3
The following to that

structure being msde of martensite and ferrite.

layer was heated above the AQB poiht end it wae fully hardened (marten-

s8itic structure). The core of the steel cylinder remained unaffected

by the treatment and showed its original structure.

Part 2 - Fundamental characteristics of Induction heating, pp. 40-€3 )

This theoreticsl discussion doces not seem to warrant abstraction.

Part 3 - Phase tranaformation in steel hested by external source

of heat, pPp. 14 - 80.
It 48 well established that the formation of auetenite from .

ferrite-cementites i3 by a process of nucleation and growta.
The nucleation ocours at the ferrite-carbide grain boundary.
The process of austenite formetion mostly depends upon the structure

The highest rate of transformetion into sustenite ie

of pearlite.
* grestar rate of heating,

observaed for the fine lameliar pearlits. 7Th

¢

ihe highes 15 the temper
sustenite transformation and the shorter is the pericd of this trans-
The rate of formatian of austenite grains depends to 8

formation.
This is illuatrated in fig.35, p.72

great extent upon the temperature.

and may be seen from the following data:

Temp. °C 740 760 780 800
Rate of foymation - ;
in mo#/eec. _  2.28.10% 11.10°  51.5.10° 61.6.10 ;

The rate of growth of sustenite grains is inversely proportionsl

to the pearlite spacing. This is 1llustrated in fig.37 p.75, where 5

CIA-RDP80-00809A000500170204-4
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pearlite spacings in microne are plotted on|abaeiesn and rates of : g
3 : !
growth in mm/see. x 10  on ordinate, In £ig. 38, p.7s, logarithms ; o
|

of rate of growth in mm/sce. are plotted (af‘:scieaa) versus tsmperstures = . A
of isothermic transformetion (ordinate) for |pearlite (apaeing‘o.ei.(
and troostite (specing 0.144). -

s
The number of grains N per 1 mm"‘ may be determined from formula | .

N = /.o:(-g—) | | L

where i -~ rate of nucleation

and 3 - rate of sustenite grain growth.

It wasj congcluded that the g::_gg_t_q_x_-_;h,e_z;gﬂt,e__o‘.t,heati_z_lg. the finert

the graine produced.

FPor the same rate of heating, temperature ané form of carvides,

the process of nucleation ana growth of austenite depends to & great

extent upon the carbon content in steel. The time necessary for

completion of a certein definite part of process { = "—é‘
|

whoere ¥ 18 time, X - comctent and C - carbon concentration.

41, p.78, where time in

|

This relstion is illustrated in fig's 40 anad

Fig. 40 refere to & plain carbon steel and Fi‘gdl to steel containing

2% cr. .

It is well known that the position of the Ac, point depends upon

I

|

|

i

minutee 18 plotted on abecissas and temperaturee in °C on ordinates. ‘ '
|

i

|

!

|

7

i

|

the rate of heating. Svetchnikoff and Gridneff demonstrated that

there i8 a critical rate of heating beyond which it practically has
no effeet on the Ac, point. This eritical r‘ate was found to be
approximetely 2oo°-250"c per min.(4°C per eec‘.) The deta obtained
by Gridneff are illustrated in fig.42, p.79, where time is plo.ted on
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absicsa and temperature on ordinate. It may be seon that with

o

| Tates of heating of 30°, 80°, 140", 320°and 2000°C per min. the .

Ac, points were respectively 735? 745: 770? 775 “and 775cb.

Part 4 - Phase transformation in steel heated by an internal

source, pp. 80-118.

In the discussion below under "Internal Source of Heating"

ie meant "Induction Heating".

Induction 4ﬁeating involves a very rapid héating of an article

| (steel) by induced alternating currents to quenching temperature.
The hardening by induction methods depends upon the elsctrical
characteristice of the generator and the ibduction oscillator as
well as the metallurgical cheracteristics 91 the steel,

Some. investigators limited themselves to recording the electrical

data and time of hesting. Some related surface hardness and depth
of hardening to the energy (KW. sec) consumed igmoring the most

important fector - tempersture (quenching temperature).

It is easy to show that guite different results than those reported
by different investigators could be obtainéd on using other generator
i and heating outfits. It is to be borne 1njm1nd that only the portion
i of energy absorbed by the steel article hes an affect on its heating.
i Even when using the same generator but other induction oscillator

} trhe heating process may be different. In iefering now to other

i factor, 1.0. rate of heating it may de nctqd that in many cases the

| rate of an induction heating is greater below the Gurie point

| ‘
(below it iron is meBR@FLC  gpng gbove it is not, reviower's remark)
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than 2bove it. In some cases th;s phenomenon is more proﬁounced
fhan in others. Therefore for tﬁe same totsl time of heating
cycle one may obtaln different r;eults onn account of ciffgrence g
in the rateas of hemting of ataelﬂarticles between the Cur}e point e
and the quenching temperature. !This is i1llustrated in f£ig., 45, p.87, a
where time is plotted on ahsciaéa and tempersture on ordinate.
The total time in both cases 13 the same. ‘t i8 trLe queﬁching

(2 e ACernR_The 11 .___./°€/z" 9 o hents,
temperature. Although the total time of heatiﬁ*\ etween the Curie

point and the guenching temperature are different (a and' d).

In the tnduction hardening as 1n 8 regular hardaning procass the
heating temperature ies a very 1mportant faotor. In the 1nduction
kardening another very important factor is the rate oi_geating in

the phase transformation zona.} In view cf the very fadt heatingj
temperature measurement in the induction method is extrema1y difficult.

Quite satiefactory results wo:e obtained with an optical pyrome ter

with an accursey within 1o‘-’-15“7c. Fig. 49, p.92 shows the

Losineky's automatic photopyrometric installation. aning heating

the photoelectrical pvrometer (equippad with photocell) 3 is directed
on specimen i hcld by frame 23 Latch & connected with,an eleciro~
magnet supports frame 2 untif‘the temperature of the abecimen reaches
e given temperature. At tbnt point the generator is automatically
cut off and the specimen plungee into & cooling liquidu

The author believes that when determining the rate of 1nduction
heating it is necessary to calculate the rate of heating for zones

located below and mbdove the‘Curia point (ab. 770°C). From the phase j

trensformation point of viaﬁ. the second zone (above Curis point)

i
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is most important.
Based on the above two factorg, temperature and rate of inductiorn ‘; ? -
heating, the author could dctermine the affect of absorbed energy E
J

|
[
Wher. the electric current passes through a conductor conaiati‘ng Ty
1
l
|
|

(Pig. 50a, p,203) and its density is determined with reference to R ' I;‘
the whole section. If the conductor consists of two pheses having '&

e
different electroconductivity the current flows in the direction

0of one phase, it's flow is uniform throughout the I - I section

shown by II - II line (same fig.50a). Iﬁ, that section there are ‘]
hi
carbides inoclusions posseseing a veryke%.ectrical resistence. I

The distridbution of current density across section I1 - II may be |

schematically illustrated as is given in f£ig.5Cb, p.1l03. “

It is extremely difficult to determine at which conditions axfx@l

how the phase transformations <%ake place in the induction hardened \

steels. At the present time, it is only possible to surmise this J?u
mechanism on the basis of the properties and structures observed iﬁ?
the quenched specimens. There is 8 belief that an incresse in thei
current density elong the ferrite-carbide dboundary,. characteriaticj?
to induction heating, leads to a formation of the homogeneous eoliAi
golution. However the photomicrograph preeented by Martin ana wzléi : : : ?
(Induction hardening of Plain Cardon Steels: A Study of the Effect bt : |

Tempers ture, Composition, and Prior Structure on the Hardnmess &nd || : ;

Structure after Hardening, D.L.Martin and Florence E.Wiley, Trans.

cleart
Amer. Soc. for Motalas, Vol.34, 1945, pp. 351-396) 18 a otover

\_. L Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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demonetration of heterigeneity of martensite obsorved in the induction
0.8% C eteel. This electron micrograph (x 9004, reproduced here <
in fig. 56, p.110, shows the large undissolved carbida in the pearlite m
surrounding it. The heterogeneity of the cored martensite is quite i y
clear in this micrograph.

The temperature af, which the rate of transformation is maximum
is not the AqB point bdbut the temperaturJdeeig:Ftea by the author as
the Aca point. The rate of transformation o? which the process

progreeses at differont temperatures in the regular and induction
heatingse is 1llustrated in fig. 57, p.ll2, where the temperatures are
Pplotted on sbseissas and the rate of transformation in % on ordinates,

Curve 1 refers to & regulsar hardening and curve 2 to en Induction

hardenirgz. Aca - temperature at which transformation progresses with
a maximum speed.

X ray examination indicates that in steel containing 0.75% C,
with the rate of heating 100°- 120°% per gec., complete solution of
carbon is attained at approximately 920°c which is 1£0°- 160°C higher
than Ac3 temperature for conventional heating methods.

F 1.08%
TOr 1.00p

D P R R
v RBUOS4A CGllV 46 v VL

solution is reached at 800°C, i.e. about 140°C above the Ac, point
. m

with conventional rate of heating.

Part 6 - Effect of Induction Hardening on the Structure of Steel,
Pp. 119-157

In table 2, p.120 ere given chemicel analyses of different

types of the plain carbon and alloy steels used in thie inveatigation. i

L_. L—Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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The samples employed were 10 - 12 mm. diam. and 100 - 120 mm. long. .
The effect of temperature and rete of heating on the structure and g
hardness was Btudied. Determination of surface hardness (Rc) was irﬁ'
made on Rockwell apparatus, wheveas hardnese across the section (Hv) -
was measured on Vickers hardnésn tester with 5 kg. load.

Fig's 59-64, p. 122 and 123 and 66-70, pp. 123 and 124 show the

betrudturee of steels, types 40 snd 50, for different guenching tempe-

ratures, the rate of heating being 3800- 400° ¢ per sec. The Rockwell
hardness Rc numberse for different quenching temperatures are shown
in fig. 71, p.125, where tew.srature is plotted on ebscissa and
hardness on ordinate. On the basis of the results above, the following
optimum que:iching temperatures were recommended by the author:
900° - 940°C for steel type 40; 660°- 920°C for steel 45; 860°- 900° ¢
for steel 50 and 940 - 980°C for steel 40 x, the rate of heating in
theee cases being 380°- 400°C per sec. ‘ ;
Fig's 7275, p.127 illustrate the structural changes of steel
type 40 with an increase in the rate of heatir:, the quenching tempe~
rature remaining constant, 960°C. i
Pig. 76, p.128 shows the structure of su.a steel but heated conven~
tionally and quenched from 960°C. This is shown only for comparison
since the author realizes that this temperature is unusual quenching
temperature for the structural steel conventionally heated.
Surface hardness (Rc) versus the rate of heating 8f steel 40 is
presented 2n £ig.77.  p.128, where rate of heating is plotted on

abscissa and Rc on ordinate.

L“ Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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Fig'e 78 and 79 illuatrate structures of steels 40 and 50
not completely hardened. The quenching temperature and rate of
heating were respectively 960°C ana 900°C per sec. e
@h;s sho e that not only tbe quenching tamparatura hut alan rate nf B

heating may be responsible for an uncomplete hardening.

Fig’e 85-89, pp. 134 and 135 and 90~93, pp. 135 snd 136 show r'
i L
structures of Y7 and Y1C plain carbon tocl steels abserved for P
different quenching temperatures (725, 920, 1000, and 1200°C) and . __;'

constant rate of heating of 380-400°C per sec. Fig.94, p.136
}épreaente the change in hardness Rec of these steels with an increase
in guenching tomperature. :

In the study of the effect of the rate of heating on the
structure and harﬁneea of a high carbon steel, the‘ratea of hesting
ranged from 40° to 700°C per sec., the quenching temperature being o
ézo°c. The structures abserved are shown in 113'3‘95-97. p.138 for
steel Y7 and fig's 98-100, pp. 138 and 139 for steel T10.

The change in the surface hardness with an increase in the rate of
heating is presented in fig. 101, p.139. Fig. loa‘ahowe the hardness
fanetration:curvee where Hv hardness 9ﬁlotted on ordinates) Wuo

faken on a crosx section at different'dietancea (abacisaaa) from the

surtace 1or Y10 steel heated at different speeds.

it may be seen that there wes a small but steady incresse in the
surface hardness Rc with an incresss of the rate of heating.

With moderate rates of heating (85° - 210°¢ per sec.) not much change

wes observed in the hardness Ev along the crose section of a steel
épeoimen. However at the higher rates (410° - 700°C per sec.) there

was & consideratle arop in hardness at points leocated only 2mm.

\—— L‘Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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Pig's 73 and 79 illustrate structures of steels 40 and 50
not completely hardened. The quenching temperature and rate of
heating were reapectively 960°C and 900° ¢ per sec.

This ehdqa that not only the quenching tamperaturse but also rate of
heating may be iesponsible for an uncomplete hardening.

Fig's 85-89, pp. 134 and 135 and 90-93, pp. 135 snd 136 show
structures of Y7 and Y10 Plain carbon tnol steels abserved for
differenﬁ quenching temperatures (725, 920, 1000, and 1200°C) and
constunt rate of heating of 380-400°C per sec. Fig.é&. P.136
representa the change in hardness Rec of these ateels with sn increase
in quenching temperature.

Injthe study of the effect of the rate of heating on the
structure and haraneaa of & high carbon steel, the rates of heating
ranged from 40° to 700°C per sec., the quenching temperature being
920°C. The structures abserved are shown in fig's 95-97, p.138 for
steel Y7 and fig's 98-100, pp. 138 and 179 for steel Y10.

The change in the surface hardness with an increase in the rate of
heasting is presented in fig. 101, p.139. Fig. 102 shows the hardness
pénstration. curves whers Hv hardnees yblotted on ordinatea) was

taken on‘a crosa section at different distances (abecissas) from the
surtface for Y10 steel heated st different speeds. '

i1t may be seen that there was & small but steady increase in the
surface hardhese Re with an incresse of the rate of heating.

With moderate rates of heating (86’ - 210°¢ per sec.) not much change
was observed in the hardness Hv aslong the cross section of a a?eel
specimen. However at the higher rates (410° - 700° ¢ per sec.) there

was & considerable arop in hardness at points located only 2mm.

L" Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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below the surface. Therefore, very high rates of heating a're not

desirable for high carbon steels. E
M
In the investigation of chromium (IIXI X 9 and III X 15 types),

}"
chromium-tungsten-menganese (type x’g'l‘) and chromium-gilicon .

{type 9%C) steels, the temperatures ranged from 800° to 1300°C.

The heating rate was 600°¢C per sec. for steele III X 9 and
III X 15. For steels XBY and 9%C it ranged from 50°to 700" ¢ per sec.

The structures observed for steel III 15 are illustrated in fig's
103-107 pp.141 and 142.

Viith en increase in temperature there is no significant change in
the number of carbides but there is some decrease in their size.
The matrix consists gf an extremely fine martensite (concealed
martegeite) . The hardnesa of this structure is very high,

68-62 Re. At a heating rate or 600°¢C per sec., complete solution
0f carbides is obtained only at temperature of 1040°c.
(Reviower's remark: Reference may be made to James P. Poynter's
paper on "Metallurgical Characteristics of Induction - Hardmned :
Stoel, Trans., Amer. Soc. for Metals, Vol.as. 1945, pp. 166-209,
Poyntor found that the apheroidized specimens (carbide particles

large) 4o not respond as readily to induction heating. His mioroscopic
examination showed that all the carbide particles near the surface
temperature of 1900 F (1040 C, is reached). !
At somewhat higher temperatures, the matrix consiste of a fine .
needleg martensite. With still further increase in temperature

the martensite needles become larger and there appears a rectained

\_._. L‘ Approved For Release 2001/07/31 : CIA-RDP80-00809A00050017020474
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sustenite, The hardness of Bucb structure is not over 61 Rc.

The hardnesa - temperature reletion for ateels III X 1&, III X 9 E
and XBY ies presented in £ig.108, p.143. .Tho rate of heating is {e
600°¢c per sec., the temperatures are plotted on ebscissas and

surface hardnesses Rc on ordinates.

Fig's 109 - 113 end 114 - 116 show the effect of the rate of hesting [’
{ranging from 40° to 600°C) on the siructure of steels III x 156 |I
and III x 9 quenched at 960°C. With slow heating, the structure s

of steels consiste of a coarse martensite. In steels III X 15

and III X 9 the neesdle structure is retained until a heating rate

of 125° per sec. is reached.

For steels XBC the neaedles are ;atill noticed at a heating rate of

185°¢c per sec. With a further jineretme in the rate of hesting,

the needles disappear and the structure consists of an extremely

f£ine martensite (concealed crystalline structure) and a great

number of carbidoe.

Ae it is shown in fig. 117, p.147, the maximum surface hardness A

values Rc for those steels quenched from 960°C wae obtained with i

a heating rate of 500°C per eeé. The transverse hardnass Hv (ordinates) :

for different distances (in mm, abscissas) from the aurche are

presented in fig. 118, p.l47. ;
Grapha given in figls 119, 120 and 121 pp.148 and 149

demonstrate the effect of quenchirg tempersture, &t which a complete

hardenmg i8 secured, and the rate of induction heating on the

gurface hardneses Rc. The higher is the rate of heating, tue

higher is the temperature at which full herdening resultis are

gecursd. The induction hardening conducted wish the high rates

.\_- L‘Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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0of heating produces the most dispersed structure possegsing the
maximum hardresse.

In discussing the effect of initiel microstructure on the

structure of an induction hardened steel the autkhor considers the
repults obtained by different investizators, among them those
reported by D.L.Mertin and Florence E.Wiley in their paper mentioned
above.

In the Q.s% C steel, the austenitizing process proceeds at a greater
speed if the initial structure is not coarse but fine pearlite.

The most favorable initial structure for induction hsrdening is
sorbite. With thie structure, the highest surfece and penetration
hardenesses may be secured. The effect of initial structure is

less noticeadle with high quenching temperatures.

Part 6 - Mechunical Prnperties of the Induction Hardened
Steel, pp. 158-200.

There 18 a genersl tendency to employ ocylindrical specimens
for testing mechanical properties of Induction hardened stesl.
The process of hardening was conducted in a cylindrical inductor
and sprayer (Fig. 128, p.163). The inside diam. and height of this
inductor were 23 and 8 mm., respectively.
Steels 40 and 40 x (chem. anal. sea page 120) were investigated.
At firet,the hardened through cpecimens were considered. Penetration
hardnesse values ( Hv) of specimens representing 40X steel are given
in fig. 129, p.1l66. Hv values are plotted on ordinates and distances

from the surface in mm. - on abscissas.

L‘ Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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Cfnrve 1 - Quenching temp. 96000 and rate of heating 270" ¢ per sec.
Ct?u'vo 2 - Quenching temp. 8‘.00 C and rate of heat, 155°¢ per sec. i
Ilt was eatab;ishgd that for steel 40X s through hardening of

ellucimens 10 mm. é&iam. is secured when & guenching temperature A
olt 1000°C and hesting rate of 400 C per sec. are used. The bend
t#at results are presented in figl!e 140-133 inclus. pp. 167 and
1;68‘. On the ordinates are plotted C:Bultima.te strength and 6_/0

proportional limit in kg/mn |
0:5: absciseas in ﬁg!a 130 and 132 are plottei quenching temperatures
ahd in fig's 131 and 133 - the rate of heating. Fig's 120 and

131 refer to stael 40 and fig's 132 end 133 to steel 40%.

05 the hasis of these results, the author believes that for ateel

40 at the 156 °c por sec. heating rate, the quenched temperature

ejhonld be not higher than 92000. whilst for steel 40X the quenching
t;nnperaturo should be around 1coo°c with the rate of heating of

1?5"@ por sac. '

; A etudy was made also on the effect of the quenching temperature
aha rate Oi"nea,i;ing on the torsion %ost properties (Pig'e 134.124,
pjp. 170 and 171). In these tests tke hardened trough epecimens
w?re used.
] There is manother very important factor besides quenching e
tjemperature and rate of heesting which should be considered in the
situdy ‘of Anduction hardening i.e. the depth of hardening.

In his determination of the nptimum depth of the induction hardening

1

the autkor conductod bend, corsion and fatlgue strength tests
Il "BC
AN

where the depth of hardening was expressed as whero ’L3c

i o2
ie hardened area &nd F. area not hardened. ;
i

o
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The tend and fatigue test specimens (diam 10 mm.} had -}:1—51 ratioef e
= < i
Z(e.’.ﬁf.rm'fiwfor the torsion test specimens were: 0.,1; 0.25; C.5; 1.0; 1.5. '
<

The hardened zones o0f the gquenched bend test specimens were of K

. — 7/ A -1

the following thicknesses: f;a/fc. Wg;"jzg/ﬂf ;{/”ffﬂf‘a’ |
.25 o. 50 T
9.5 O
: R~ I~
2.0 ¢

N
1000

hox O}

v

N

The bend teast resul:s for steels 40 and 40x are given in fig's 140

and 141, p.175. The ratios 730/;-‘,_ are plotted on abscissas
and bend strength G’B and proportional 1limit G;e
~ on ordinates.

The author states that his deta indicate that the deflection
values in the bend teste of the induction herdened specimens were
higher as compared with specimens subiocted to a conventicunsl

metrhod of hardening, i.e. the induction hardéning has a favorabdle
effect on the plasticity of steel.

The thickness of the hardened zones of the torsion test

Spccimens (sgiam. 20 mm) were

e e ey
??""'/ra ;T:;rvﬁpc/f .f//‘):fy-m ' :
OO0 - - o.50
o.25 . /. 20

;. &0

) 2.0
| /50 z2.60

The torsion test results obtaine. with steels 40 and 40x are shown

Pl
V)
(s}

L)
in f£iz.142, p.176, where the proportional limite in /J//?N*'
ere plotted on ordinates and F’:— /f—‘_ ratios on abscissas.

It 48 evident that proportional limits values incresse until

7

5'74 = ] retio is reached. Witk a furtrer increase in this ratio ‘ -
Fe
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theré is a decreasoe of those values. o

The effect of depth of hardening on the fatigue strength E

of steel 40X is demonstrated in fig.l144, p.184, where E‘-/Fr_ e

are plotted on sbscissae and fatigue strength in /C?//W’/” = . s

" on ordinate. 1t may be seen that the fatigue strength values }_-
increase with the depth of hardening. The suthor comes to

conclugion that, in general, the induction hardening method haa

favorable effect on the fatigue strength. The impact toughness

versue depth of hardening are plotted in fig. 148, p.192, where ?3’/¢
are plotted on abscissas and impact toughness in /f?/a/w

on ordinate. &a ~ Bteel 40 and b ~ steel 40x. It may be ee_c.n that
there is a considerable drop in tne impact toughness whea 73‘//::_
changes from 0.25 to 0.5. With a further increase of tnis ratio

the impact toughness values increase somewhat.

The follewing results .were obtained in the comparison tests with

the specimens subjected to a conventional method of hardening and

the induction hardened specimens:

St [T e e
Do ctece(ren s hMEnriy | CONGE 01583 ol perhod
\7 A AAACE L1 ib

Y 2. 75 | 257

< 0X 7.c7 277
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_?qggmjnfu}pduction hardening of Case Hardened Steel PP. 201-238

Steele typee 20 and 20x were inveetigated'
e G e A -

’(‘c(( ) ,4___@____./.,,).//.1".. Y s ///-‘,‘ /;D ] _
20 o020 053 p20 0 — YO O LT
ROX (223 035 0SS 085 o piys poow

The carburizer used consisted »f 80% coal and 20% sodium
carbonate. The cementation procedure was as followe: Heating to
900” - 920°C, holding fof 13.5 hre. snd coolirg in eir.

The structure of case Yardened layer, steel 20, consisted of

lamellar pearlite and cementite boundariea (Fig.151, p.205).
Induction hardening wes conducted at different quenching temperatures
&nd rates of heating. Quenching temperatures ranged from 760° to
1200°C and rates of “ieating were 90, 225 and 450°¢C per sec.

The quenching medium was water at 26°¢C.

The structures of this hardened layer after quenching are illustrated
in fig's 152-1569, pp. 207 and 208. Fig.152 - Quench. T. 760°C and
Tate of induction heat. 90°C per sec.; fig.163 - Quench T. 960°¢,
rate of heat 450° per sec; fig. 154 - qamch T. 1100°C, rate of

hest Aﬁgﬁgsgfrwggﬁ;v figﬂk?S?;"gggﬁsp;T;y%%gg Sgcfate of heat

450°¢ poer sec.; fig 157 - Querch ™. 960°C, rate of heat 90 C per
8ec.; 7ig.1568 - Quench 7. 1100°C, rate of hest 90°C. per sec.;
2ig,169 -« Quench T, 1aoo°c. rate of heat 90 °C per sec.

On the basie of his microecopic examinations, the author comes to
vonclusion that the cementite network dradually disappears with

an increase in quenching tompersature and the greater is the rate

L- Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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of heating the higuner is the temperature at which the network is
completely eliminated. As temperature increases, the network
becomes thinner and appears broken in some places but there is

no sgglomeration of the cementite particles.

Similar teete conducted with steel 20x indicate (fig's 160, 261,
162, p.210) that the initial structure of the case hardened layer
of this steel contains large carbise particles which are very stable
and cannot be eliminated even at very bigh temperatures.

This structure is considered as undesiradle for the induction
hardening process.

Fig. 163, p.211 showe the surface hardness Rc versus quenching
temperature relation at different heatinh rates for the baae
nardened steel, type 20x, It may be noticed that the maximum
hardnese (Rockwell C, 66) was cbtained with quenching temp. about
88000 and rete of induction heating v=450 ¢ per seaq.

The trensverse hardness values Hv of the case hurdened layer
of steel 20 for aifferent quench. temp. end ratesa of induction
heating are plotted (ordinates) on fig's 164-166.

Fiz.164, p.213, gquench. temp. 760 C; fig.165, p.2l4, temp.840° C;
f£ig., 166, p.215, temp. 9606c. The changes in the transverse
herdnesa at different quenching temperatures are given in fig's 167
and 168, p.2l6. PFig. 167 - the rate of Ilnduction heating was
90°per sec. Fig.l68 - this rate was 450°c per 8ec.

In the static transverse strength (vbend) tests the buvst

rasults were obtained for the case hardened steels 20 and 20x

L__ L—Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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with quench. temp. 960 ¢ aﬁd rate of heat. 200°C per sec.
(fig's 177 and 178, p.aaai. ;
The highest impact #oughneea values (fig's 179 and 180,
pp. 230 and 231) were obsérved for the case hardened stesls n
20 and 20x at quench. tems. 960°C and ratefinduction heat.
400°C per sec. |

The fatigue test redulte of the case hardened stesl 20 are

preasented in table 13, p.gas. where the sevond column shows the
le
rate of induction heating | C per sec.; The third - quenching
temp. °C; the fourth - aur#ace hardness Rc; the fifth - fati}ue
/_.J |
atrength O fav e S e, {on the basis
e // R of 5 millions

cycles).

of |
Part 8 - TemparingAIndubtion, Hardened Steel, pp. 239-261

The effect of tempe}ing on structure snd mechanical peoperties
of structural steel was ekudied by K.A.Malisheff and V.A.Pavlov.

Chemical analyses of thesb Bsteels arog?iven in table 14, p. 240,
|
The oonclusion was drawn phat the maximum effect of tempering on

At dendonm
Vil  Alaewads

of 160°¢ par sec,

The effect of tampe?ing on the induction hardened tool
stesls was investigated b% the author (steels 9XC snd XB[",p.12C).
The martensitio etructurejaxtending throughout an entire cross
section of specimens was @baerved at a rate of heating of 50°Cper

gec. and quench T, 9209 ; rate of heat, 100°C per sec., quench ;

|
t

T. 96000. rate of heat 15b°c. quench T 1000°C; rate of heat, 200°c.
quench T. 1040°¢. The cooling medium wae water at 25° - 30%%.

The tempering temp. ranged from 150° to 500°C. The holding time
I

an

at those temperatures wasjl.s hrs. The gusnched snd tempered
! .

,\__. L—Approved For Release 2001/07/31 CIA-RDP80-00809A000500170204-4
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- 20 -
8pecimens were eubjected to the Charpy impact and Rockwell : o
hardness tests. Results obtaeined are presented in fig's 189 .
(steel XBI') and 190 (steel 9xC), P.246, Graph.l - Rate of }
heat 50°C per sec., quech. T. 920°C; graph.2 - Rate of heat T~

100°C per sec, quench. T. 960°C; 3 - Rate of heat 150°C per sec.,
quench T, 1000°C, 4 - 200°C per sec., quench T. 1040°C.

Tempering temperatures are plotted on nbsciaaaq, Impact values
kg/cm2 and Re are plotted on ordinates. The g<saphs not indicated
by numbers (£ig.189) refer to the impazt test values obtained

for the same XBf steel but hardened by conventional methods.

It may be noticed that with an increase of tempering temperature
there 18 a decrease in hardness. The impact valuea increase

at first (until T. 200°C ise reached), then they decrease, the
lowest values being observed at 200°C.

‘With a further raise of tempering temperature, there igs a

eteady and considerable increase of impact values.

It is noteworthy that the greater are the rate of an induction
heating and quenching temperatures, the higher are the impact
vuiues of temperea steels. ‘he nutnor.believae that the greater
aTe these factors (rate ot heating and quench. temp.) the larger
ie the amount of residual austenite. :

The impact values (kg/cmz) versus Rockwell hardness Rc
for the induction hardened and tempered steel XBT are Fresented
in fig. 191, p.25C. Graph No.l Rute of heat. 50°C per sec. and

- quench. T. 920°C, No.2 - Rate of heat 100°C, quench. T. 960°C:
' 'No.3 - Rate of heat. 200 C and quench. T. 1040°C. Greph not

\_.. L‘Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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numberod refers to the zonventionally hardened specimens,

a It may be sesn that for the same jimpact valusa the 1nduc££on
\ vl
! \ hardened and tempered specimens possessed greatey hardneée es

conpared with those hardened by a conventional method.

Advantages of induction heating for tempering are also digcusaed.

rart 9 - Induction Normalizing.

1
\

Pp. 262 - 279. : w
An effect of the rgte of induction heating and norm&iizing

temperature was studied by the author on stractural hteels
No.45 (Chem. anal. see p.l1l20). N
i \ In fig. 204, p.266 is shown a horizontal inductor fo A
i ‘ heating cylindrical billets.

|

\ \ mensile test specimen used in these tests is given in
| ' : i
i \ £1g. 205, p.267,
|

heating (dism. ot the middle 12 mm) end b - gpecimen machined

|
where & - specimen prepered for induction \
.
after heating, 4 =10 mm). \

The ratea of induction heating used were 50 100" 150:
200" end 250 C per sec. |

o
\ EOC to 1080 C.

|
The normalizing temperetures ran ,_ﬂifrc

-
e

i

The structure of the furnace-normalized specimens is illuatrated

( in fig, 206 p.269 while the structurea of specimens normalized
] \

by induction heating are presented on fig's 207 - 211, pp. 269
1 \ and 270.

' Fig. 207 Rate of hest 150° ¢ per sec. T. v80 C; Fig. 208 - Raé\
\ of heat 150 C, T. 1040; Fig. 209 - Rate of hesat 50 ¢, T. 880°
|

Pig. 210 - Rate of heat 250 C, T. 2000° ¢; Fig. 211 - Rete of |
\

| \ heat 250°C, T. 1080°C. :

|

:\ ~
\ i
| \ |
i |
1 . |
‘ 1 \
‘ \
| \ |
|
1

o
l
*H
|
!
a
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It was concluded thet different rates of induction heating : g

a normalizing tempereture higher than IOOOOC 1s undesirable. i ;u"

) with & heating rate of‘250°c per sec. and normslizing temperature ‘o
1oao°c all free ferrite forms a network around the grains of

pearlite.
On the basis of his metallographic and hardness s.amination :

the authior believes that in an induction normelizing, the most
satisfactory results may be obtained at temperatures somewhat }
higher than thosc used in the furnace-normalizing process.

The effect of the heating rete and normslizing temperature on
the tensile ustrength teat properties is illustrated in fig's 213
(yield point and tensile steenght), 214 (elongation) and

215 (reduction of areas), P.273. The rate of heating is plotted
on abscisea and normalizing temperature is indicated on curves.
The most satisfatory reesults were obtained with normalizing

o> o 1)
temperature 9280 - 960 C and the rate of heating 150 per sec.

Part 10 - Technologic advantages of the induction hardening

process and adoptionability tc it iu ibe industrial conditions.

Pp. 280 - 312. This part does not seem be of interest to

the American Metallurgists.

Bidblicgrepby, pp. 313-316.

There are 81 references, including 7 references to

foreign authors.
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Reviower's remarks : -
}In the Revi«‘a%vor'e oiainion this book is & valuable g
contribution to our knowledge on Induction Hardening. ‘ ;5
It covere thoroughly different protlems involved in tbia
proceaa. Moet otlthe oonclusione drawn bdy the anthor are
enppaf‘ted by reeul*a of hia own extensive investigations.

The author demonetrates very well thst there are two main

facfora governing induction hardening processes. These factorse
are: temparature |an& heating ratu.

It may be noted, however, thas many of the phocomicrogra@tp/b
are not distinect anough and no details are given as to, "‘

!
reagents and magnifications used.

25X1X 1 |

I~
RSN
RN
NN
AN
D
()

| \
L-Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4

I




-

I

Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
~— 1 25X1A

-~ -
- i

METALLURGY OF SfYibL. Open pearth Process. (lletellursiie Steli

wertenovskil Procesa), L.3. Trubin and .. Cyks, Book

763 pagés, Government Scientific Technicsal Publishing

House of Ferrous end Non-Ferrous Metslliurey,

llescow, 1951,

This book is dividea into 28 perts. It is recommended
es a College Text Book.

| Introduction pp. 13-28. The Kistoricél development
of;Ferrous lietallurey in Russis is descrited. Fig. 1, p.20
shbwins‘thc proaress of production o0i steel end cest iron is
prpbebly o3 inierest. Production ig ~iven in thoussnds of
to?s: e - steel, Yt - cest iron.

| Yert 1,

Genernl Yrinciples of ‘he opan-heerth

Froduction, np 29-77
| Pie. 3

s D45 dllustrates tre mechanism oi oxyeen
trensier frcm the paseous turnsce &imosphere to tre molten
metal by meens of sle#.

'he top zone 15 peneouc atmosphere, the middle (shaded)

zone is slag ¢nd the tottom zone is molten metsl.

NMa N e 3 mte e AwarAd
FER-EERN veiialli. AU VRS Ga

[$7]

The priucipul tlansierling agsnt L

t?

-
=1

Ui

into Fcz(33 snd is slwegys present in the opgn-hearth slegs.
Tt is very probstle thet oxyren is dissolved in the metsal
in tre form ot ¥e O &nd not in its gmseous form.

Thgrefore the oxydation bty seseous oxyren in the open hearth

processa tekeg place only durine the meltine geriod.

1t slso occurs to some extent durings the viwvorous bolling
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of the melt when droos ofbliquid metél are thrown tinrourch

the slag layer into the furnece atmosphare.

e O pleys s veary imporitant »ols durine the refinirns of the melt.
Tempergture condition in different locetions of ‘he kath,

oxywen consumption, oxydstion andé reduction of iron, silicon,
menegnege, £né pnosprorus as well &3 bxydation of c¢arton are
discussed {pp. 4%-74, Iiz'e 5-7 inclus.)

Durins toilines, Lre tempercture of the beth is fairly unizorm
The temperztare of the slee is 1° to 47°C. hizher than theat

21 the molten metal. The tappiny tempercture depends upon

the chemical composition ot 'he metal. For low carbon steel

it is usuelly sbdbout 160000; Trhe total normal oxyren consumption
18 2.5/ to .55 of the weicht of charre.

67,5 of tnls emount is consumed for ma}fing and 33% during the
boilines period. Studies ot the equilifﬁ;u@ of C - O system

et different prescures were cerried out in ditferent foreign

lsroratories. . summery of these results 1is presented in
fipr. 8, 0.70. Ceriton percentcres sre plotted on abscisse end .
ovyoan on Jrdinete. liork @ reiers to urecsure of 1 etm.,
mark @-3 stm., © ~ 10 gtm, @& - 20 stm.

Tt is krowr t¥at ejuilitrium condition is cherecterized
ty & constercy o1 the product E%CJL%GCD / ne. Qﬁ

[ ][-0) = where 4 0.0025 ot

15602 - 1520°¢C &rd with low certon corcentretions. ° .
K = 2 = 0.0 +(600°C
o2 67; C;]{T?ﬁjﬁi QJ ~ f?4) V'AJ>111 }?1 2 5,611 2 a
\ o~
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3imiler experiments were conducted Ljy di:ﬁerﬁnt Aussico
invegticgtors under the open-hesrth meltiﬁnv conditions. E
In fig. Y, p.76 one mey see the difiercdce tetween the ia*"
results obtained under eyuilibrium (solii line) =end sctuel
(shaded area) open-heerth melting conditzions. «

{‘}: C} [,’é OJ versus 730 relation st wl stm. pressure is

presented in fig. 10, p.77, where 4 - exéerimental date obtained

at ejuilivrium condition &nd B - averegcivslucs obtainesd under

It msy be seen thet product [ Wc] (0] is not exactly scncudbent

sctual open-hearth moltine conditions.

but increscses with &£n increese in the cegbon concentretion.

1t follows, therefore, thet no e;uilibridm of the carbon-oxygen

regction is etteired in the cgen-regrth ﬁroeess end there is

usuglly en arxcess of dissolved oxyren nrésent in the btath.

The dependence of the valua/f unon the cérbon concentretion

in the beoth h&s‘zz satisicctory explanstﬂon thus fsr.

The theory sdvanced by American suthors &n tt.e chanse of the

oxyren's activity coefticient &s « Iunctﬂon ot the certon

concantretion doms not vet have 9.11'1’1‘(51’-.njt oroot. i
s e - |

R4 L i
|

PART 2 - MATERIALS UsiD 11 Wi'i. OPEN-HeiRTH PRODUCTION,
‘ Pp. 76 - 102

i :
Diftferent refrsctory &nd insulsting meterials, fluxzes, i

ferro-alloys, pig irons, iron and steel écrap are described. i

H
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PART 3 - TYPLES AID PROPLATIES OF FULL;  pp. 103 - 109

Common knowledge.

PART 4 - OPEN-HEARTH SLAGS, pp. 111 - 131

Grent proegress hss been mede during recent yesrs in the

study of the mineralozy of the open-hesrth slaps. It was shown

that they consists of numerous ditferent chemiczl compouncs.

Trhe moet importent compounds (silicates, ohosohs tes, tluminates,
ferrites) ere tsbtuletes at the bottom ov pere 115. scid, basic
&né asmphoteric sles comocnents are civen in tvtle 25, wp.lll.
Conetituent diecrsm of system 31 02 - FeC - ¥n O 1is presented
in fig, 185 " for system Fe 0 - CaC - ::‘10;, - fir 19, p.113

end for system 2 On (', 5/10- — 2 Fe 0.5 0.

\(a portion o1 diseram Fe o - Ca O ':‘"“") /:9’ ¢ («/3'//(1(\
For fluidity testins of slass, the streirht flow channel

apperatus is usuully employed. Tor testing agid slsrs the i
diameter of the tlow channel wsas increesed by A.D.Mremarov \
to ¥ mm.
According to the authors the spirsl type ot fluidity spporatus
developed by V.3.Grousin end Z.ll.Ivenov, shown in fig. 25, p.{zl
is auperio;' to the Herty's appsratus. For fluidity measurement
this apparetus is plsced into tLhe furnace through the charginge
door. The reletion between fluidity end basic property

—

2/ L
<°/o51(“z_+ e P;ﬁ:) 01 8leg is demon:=tireted in 11.?:29, p.l22.

S e ;e

The slep's fiuidity decresses wiil tn inrcreese of it's besic

property.

L Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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PART 5 - DEWIOSPHORIZATION, pp 132 - 150

2,

2

The constitutionsl diarram Fe-P cannot(yetAconsiderea
g8 well estsblished. In studyine different phenomens which
take place in the molten teth it is usually considered that
phosphorus ig present in the form of F€3'F>(/5- 60/0 ?))
or ase elementery P.

The method of phusphorus removal irom the melt consists of
1. oxydation sccordins to reactions:

S [Fle s Feod= (R0 )+ S LT o2

-

ﬁ[,IeBVP]—a—S[:F"O] = (pos)*+ [Fed

end 2. formation in the slag of a chemically stable
compound with 7:2_ 6755 in order to avoid the
reverse reaction. Free /% Og cennot exist in slag for
it is unsteble st hieh temperstures. Tt is now well esﬁabliehed
thet the principsl role in deprosphorizstion is played by (ZGL,(7/
providing thet in the slez Cbc} is in proper preportion  with Fe O.

The index of Genioschor.zetion is expressed Dy some

! D Or
suthors es O = S S
/ / Fa£274~f:O(D

'he experimental dets show that there is a streicht - line
reletion tetwaen this index asnd & O concentretion in slee.
see fir. 42, p. 143,

‘Yhre present guthors believe thet no definite conclusions
cBn be drawn so ter irom numerous investisations conducted by

dgifferent worherse.

L__ L—Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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PART 6 - DESULFIIURITATION, wp 1061 - 1g4

Sulphur is dissolved in irorp in the 1orm of ¥Fe S, the melting
°

point of which is 1193 C. In slasp, Sulphur msy Le present

in the form ot various sulphides Fe S

i 8, Ca 3 qus‘
g 5, 51 3, 8% 52, 3%253 i 3, Co s, #3,Mo 3

important are Fe S, Mn 3 £nd Ce 3.

f
2 etec. The most

In the proces: of desulpohirizstion, the sulphides'

golubility
is an important factor.

In ecid slsgss this solubility is very
small, whilst In besic sleges 1t increases with en increese ot
the tacic property of slas.

Considersble desulphurization tekes plece in tre open-hearth

process whenr theie is

prezent 2% in or more.

Tt is considered
that the desulphurirstion mechkanism in the open hearth melts

consgist of(l) diffusion or sulpnhides from the metal to sler

- < R

[FeS] —(Fe S)

ené (2) reection in tne sles-zone when CeQ Is present:
FeS~Cal ;=2 Ca$S +Fe O

Fes ~WnmO e, pipy s +TFe 0
Homogeneous reections advunce

(2

in the slee with ~regt speed,
whereuas ditiusion procesdis at & slower rate.

A decisivs Iaciur
01 desulgturizetion is the tasic property of slseg, un excess oi

free Ce O beiny fesvoretle ior homogeneous resction

7':‘85 -&'CC(O'_")CC\\S + Fe O

The constant of thnie resction is

K (Fe s )(Cn2) ¢ (Cad)(FE S

— —

'f'clrg )('FG CD) oL ’12~5 = —

)
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PART 6 - DESULTUCRILAVION, pp 151 - 1l¢4
i
éulphur Is dissolved in iren in the 1orm of Fe 5, the melting

<
poiat cmkwhich is 1192 C. In slegz, sulphnr may be present
in the fé?rm of various sulphides Fe S," tm £, Ca 3 Ne, 3,
Mg 3, si‘s, Si 52. A%zds i 3, Co 3, WS, Mo dz_ctc. ‘"he most

e

important‘are Fo S5, Iin 3 end Ca 3.

In the prpcas: 01 Jdesulphiarizetion, the sulgpghides' solubility

is &n imp%rtant fector. In escid sleess this solubility ig very
emall, wh%lst in tesic sleses it increnses with an increcse of

the busickproperty of slas.

Con%iderablc desulprurizstion tekes plece in the opan-hearth
process wh?n these is present 27 In or more. Tt is considered
that the dgaulphurixation mecranism in tha open hearth melts
consist of(l) diffusion ot sulpnhides from the metal to slar

]L:FeQJ_J -2 ¥Te 34)

\ .
and(ﬁ) recetion in the slar~zone when Ca0 is present:
re-_,"*'Cc\.O -""> CO~5 +FGO

Tes « m“c><—;, Wins +—Fe ©

|
Pomogeneous |reactions edvunce in the slsgs with ereat specd,

|
_whereus diifueion proceeds a: & slower rute, A decigives tnetor

ol é:s~1‘1uxlzatlon jg the basic property of sles, un excess oi

frees C¢ O begng favoregltle i0r homoxzeneous resction
‘fes 4 Cea O 9CC&D *’FCO

he constantlo1 ti .13
The constant!of this recction is (?;% O/)

(Fe s)/,no) _ K(Ca
o O

K= easyime oy = P2
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complete trensformation ot soluble in the metesl ¥a $ into
aétically insoluble Ce3, i.e. en approach of concentration
e S) to zero requiree the meximum concentretion in the slag
Ca O gnd minimum of Fe 0.
+8 consideration exolains the isct that e hieh desree of

sulphurization is easily obtained@ ir the bLlsst end electiric

rnaces. . ' ’7
Fe s +Cal+C=Fe +C0wCa SRt fernax)

;;é S+ Cicl Cj&"tz-Fé o =;<j22_55 -+ :5 ;;1.'54?C)C>[E56hc4ﬂb¢c.

7—1«»;%

ART 7 - VARIANTS 1IN Tup PRACTICY OF THE FasIC ODpl'-HY ARTE PRACLESE

fry

p
e
11
&

of

ir

pp 165 - 224

The most importent veris»is fre the gcersp snd serap-ore
Ocesses, In scrap process, the charse mey congist o steel
rap, ol steel scrap znd gsolid pig iron or steel gcrap &nd
quid iron. It is rnow considered thet it i1s 1eesitle to use
charge made ot steel screp only. “The carbon is udded in form
gfaphitc. coel, coke, wood ete.
hce steel scrap ie not rendily fueible it regyuires g loﬁger time
melt. However the meltins period may te shortened ty Qn
troduction into furnsce of -sseous oxywren,
Other verients of inn s¢rep nsrocess, l.e. screp-soslia piegxn
on &3 well as scrap-li,uld iron sre glso descrited st leneth.

In the SCTeD=0re Nroeens Lom churse iw mrce oz ore Scraep
’ >
!

¢ molten iron. Yar evrmela, at one of the Zussicen plents

(kousnetskii plant) the crnree wes mede into thelr 3200 tons

| ..
oren=-Teertr farp.ce i thae tollowine order:

1

pisces; O = Sergo, ler-e pieces;

r ore; 2 - limesgtore; = o ore, bslence; 4 - scereo, smeall

€ ~ nmolien iron.

L‘ Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4




Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4

r" —

Tre molten iron is sdded after the s0lid portion of the ¢herge
12 well preheated ior 1} to 2 hrs,

It ie necessury Lo heve stricl conirsl 2! sle= durine
meltine. An exemple of the chemical composition of glag
in two Russien plants (4 snd B} is siven in teble 42, p.201.
the firurez shown in tre {i>st line “or plent A refer 1o the

gler teken during the first period of meltins, whilst those in

the second line relate to the final period.
Tre Leeic property of such slsg is opproximetely determined es
Ca O ,
. - U‘g‘“‘/’%
S0,

PLRT 8 - ACID O2ZLU-HEAGTH P3E0CLES pp. 2285-252

In the #cid process, the tottom of an open-hearth furnsce
is made of the refractory meteriuls possessing ecid properties.
Yor exemple, the followins method wes sdopted in one russien plant:
the botiom of their furnsce is mrde of silice bricks (dines,

covered vy w layer of mertz ( 97 .4 2.% .54‘01_ '/ 0.2/, A %2_0., ;
[ 24 Yo ply Oy OCE7:Cal ) 6.4 % m@ o),

Luso quurtsirlvnr sund (not ress than vd - Yois Siqz) end’ also i
crushed slees teken from »cid open-hesrth furnuce.

There are two varisnts of the ecid process:
l. Silicon reducinzg or psassive snd 2. 01 limited silicon

reduction, or ective orocesses.

There sre two conditions et which the reduction of eilicon
takes plece: 1. High temperzture snd z. precsence of weskly eacid

slar.

L_. - Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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The {luidity — 31 Obconccntratinn reletion for ecid

slars is dsmonstrated in fie. 61, p.233. Tine I reprecents

datas obtained dufing the first three hours since berinning of g

boiling and line JI refers to the second period of boiline. by
h . "

In both cases, the slags fluidity increeses with & decresse of N

51 O'z cuoncentration.
1t is well?established now that geses dissolved in metals

produce a grest éfiect on their properties. The effect of hydrogen

dissolved in steél is of m» perticular importance.

Slag should playja very importent role in the process of gas
saturstiofie A’h éteel. This problem is still not fully investigated.
In this connectién. the ;'iate obtnined by vavoyiskiy are of interest.
According to him,} the siount of hydropc.n disgolved in slag (in

the acild opcn-heérth process) depends upon retioln 0 : Fe O

(in the slag). E:‘i;:.x')é. p.x4l presents Yevoyskiy's date on the

amount o hydroren in ithe tsih (medium carion steel) in the silicon
A% O

; = O
Marx ¢ refers to the test semples taken tefore deoxidetion

reduction process as releted to the ratio in the slere.

and @ after dcoxidation.

e ey g e e e e

DART 9 - DEOXIDATION, pp. 203 - 285 i

48 it may te seen in the Me-0 constitutionsl diesrum, oxyeen
is soluble in the liquid ss well &5 in solid iron.
Oxysen rxolubilit; in molten iron is shown in fie. 71, p.254.

It incregses with un incresse of tempersture. it is most probeble
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that oxysen dissolved in the liguid iron in the 10rm of Fe O.

jThere are three methods ot deoxfdatlon: l. Residue method, ;
&4+ Diffusion me thod, and 3. Deoxidation by synthetic slags. P
In the réuidue process oxyzen 1is removed from the liquid

steel in the form of oxides of the element used tor deoxtdation.

Tbese oxides flost into the slag zone. 1In renersl, the procesa

may be expressed by the followine reaction:

B [FecJ+[MeT —=> [Meo] + [ |
‘ oL [Meo_, -— CMQO)

| The direction of

the etove resctions sronld be to the risht.

[
. ke desirnates sn element used es Lhe deozydation seent.

The equilibrium constant of this resction is-

K = [ Fe ol me] o
[gejgme o] L—’f_—e] [ Me o]
[fo] = R=—mg

4t ic obvious thet the lurper the concentration of 1le), the f
i [— AT i
' smaller will be ilte zmount o1 L]-QUJ remeining in

' the metal. =

. Deoxidetion by mengenese, silicon, sluminum, titenium, zirconium

i |
and boron are describeé. The most potent deoxidieer is aluminum. ;

fAccordine to thermodynizcmuics the deoxidetion &bility oi boron i
|
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is npisher then thet ot allicon. venediam end titenium.

In practice, ihe comnlex deoridizers ure widely used.

“he most cormon complex denxidizers are silicon-munvesrese end
gluminum-menrunese-gilicon slloys. —

Diffusion method. Fe U is soluhle in the metel anﬂ slag. }

A decresese of e 0 concentrsetion in sles promoies its diifusion
from metsl to sles until e~uildtrium conditior. for & riven
tempersture, is estatlished
—~—T 7
[7€ 2,
Zc - = - Ciies [
Fe0 (e o)

Tn ~enerrl, tre pricess or diitfusion jeoxidetion mey te

[Feo] == (e 0} ann[Fe0) +[M) 2( Me0) +[Fe]

in prectice, the reduction of iron ovides in the slag

expressed gs follows:

ig sccomplished by &n addition oi deoxidizing mixtures ( powders)
containins charcosl, coke Or grephite and ferrosilicon. }

Deoxidation by synthetic slaps. luny anttemptle were mede

o
to dexidize steel Ly syntheatic slasss. The constitutional dlegrams

of verious oxifes systems were studled £nd rfter many yearg of

regsearch wori ths excellent results were ottained. The 1ormulias
of synthetic sleczs wnich cao Le used 1or deoxidation znd dephospho-
rizntion were devzloped¢. The 10llowing slee compogition is
recommended Tor denwxidstion: -
' t/ A . ]
e AP i (a0 AR SHO5 0N a0
6567/4 .5/ T I A o8 ST T ) 7 i

& N . 0 . ~ (‘5 /“— K ¥ ‘
o 70//;3 ‘.5; L"’)L D = /&/r{ o ] b R « 0 '

[N

]
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To gecure tre mevimum metel-slez contact eres Lhe metel is noured

from & freat heirht (up to 6 met.) ¢nd with e or-st velocity m
into the ladle conteining the syntretic sle-. It is of rerticulsar e
impofﬁance to heve alecg. contasinine s very smell amount of
25( Ta é 4 Im O ), An cxaﬁple of such slar is siven gs follows:
C5CaD 3% S0 | 2% A6, O3 1S%eCa To ; 4% M0
e /O/':. Fe O j O 20% O, 01/0‘:/5/7"3:95 e ol w/a, t 1% Ca CZ.'

—

PART 10 - ALLOZILG 23D ALLCY ELENEITS pp. 286 - 300

In tetle 0o, ©. Eﬁé_difxerent elements ere arrsnged
accord;ng thelir solubility in pure iron &t the tempersatures
employéd in the steal melting processes. In the first column
of this table are metals which are completely soluble in the
liguia iron. In the second column are those which are partly
coluble. In the third columns - metsls, prectically insoluble.

In the:iourth cojlumn are partly soluble non-metsllic elements,

eng dn-ihenfifth - column,afs metallic elements which are in the
gaseous state at thre steel meltins temper- tures. Treir solubility
is unknown. I'ot ull of tia elements listed in the teble find

cation in steal production. "n other rand, some .

.
N
"
IS
4]
o

-
e

o
Py
[

elements, like "r, Nb &nd ®, weres not included becsuse no complete
dete on their tehsvier in solution are svanilsble. Thermodynamic ?
reletion 'between activity of various elements in solution end

their iree enerrsy is discussed.
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PART 11 - "EOXIDATION BY TEL RESIDUE METEND ALD ALLQVING. E
‘-M
IEEF COUDITION OF BATH AT THI. MOMNENT OF DEONIDATION. pp 301-30% s
H lv
This part is of no particuLar intersst. .

PART 12 ~ REFINELELT OF EIGH PHOSPHORUS IRONS Pp_307-315

Refinement of irons conteininz 0.5 to 1.4%P is considered

unproiitable. It becomes profitable only with higher p concentra-~
tions on account of the by-product tormed, i.e. sSleg containing
more then 14% onf' The process isiusually divided into two

petiods and is conducted in two open-hearth furneces. In the first
Feriod a necessary emount of ore and limestone is added to the
solid or liguia charse 0t the hrigh~phosphorous iron &nd phosphoras
rieh slar is eollected. The melt ﬁroduced in tris furnace contains
approxametely 1,77 ¢, 0,2" M, G.2 - 0.3"° anga traces of silicon.
The finel refinement is then carried out in the second furnace.

At first, ore end limeston ere char?ed into th%s lurnace end

heated until they &re tused, liext, thre moltc:Afiepoured there

from the first turnecs. The wioule braceaure is schematicelly
illustreted in fiz. 656, v.309. On this sketch are whown two

tfurnaces wnich mey be used in the 1irst perioda o1 the brocess )
£nd ons furnsce used for the 1inal refirement (second period).
It was found however too difficult to synchronize the work in two

furnaces { 1lst =nd zZnd reriod furnesces) ard in praectice the

process was modified. Four VHriants‘oi the process sre descrgbed,
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PART 13 - CERONIULN. RILMOVAT, “ROL TEL CHRNLIULY C”IZTAII!I\NG CIEARGES. g
o

|
|
In the open-hearth chronium removal process, chromium is *

oxldlzed end the oxjdes are removed with the sla= during'the . }
first period of meltine. .
Yropertias 6f the basic chromium-bearing sless, condiriohs of r ;
chrocmium reduction from slegs are described. \‘ &

| : i SR

A silicon content ot greater then 0.2% 31 in the metal

strongly resists transfer of the chromium into the slag.

This is illustraged in fie. 99, p.326, where the distridution
C2.) o :
coefiicients  Fo. 7 are plotted as ordinates and silicon

Wt. percents in the melt [Si] alons the abscissas.

A gimilar relq;ionship is observed for manganeaﬁ. Fig. 101,
(Ca ;
Pa327 shows 'E?——j- v5. % % ¥Mn (in the metel) relation for

different Manzenese contents én the slag (Mn). \‘ . 1
- : ) P 3
! Distribution coetricients -ZZ?T zre plotted oniordinates

1

and manraonese percents in molten metsl on abscissss. ihe top
figures indioete the msncanese contert in the sles, u '

PART 14 ~ PRODUCTION CF HIGE-TEST AND SPECTAY STEELS, gp. 553—564

Production of nickel-chromium, cbromium—molybden&m. .
high-manganese (14% Mn) and entomotive steels are discussed. ’ ' s
In teble 84, p.362 the apuroximate compositicns of autohotive
s8teels used in dilierent countries are riven. 1Ia the i%rst column, .
nemes 0f countries are listed in the tollowing order: b.s.s.a. o

England snc Germany.

\—
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EART 15 - COMBINATION STEEL LELTILS PROCESSES, pp.365-390 ' g
The following duplex processes are briefly described: L,

Bessemer acid - tesic open hearth, Thomas - basic open hearth,
active mixer, basic - aciad open hearth and cupole - open hesrth '

processes,

The construction ox sn active mixer (refiner) is thst of

e ragcking large open hearth furnsce. lts capacity is 200 to

500 tons and tke depth of bLeth is 1l to 2 meters.

PART 16 ~ CASTINZ OF STEEL, pp. 393-461

Different detsils relested to cestins of steel are
illustrated in 1ir's 111-138.
Steel ingot molds are usuelly made of caut iron, but
sometimes they are made of steel. The averace li1fe of cast iron
molds is &80 to 100 hreats for rerilar steel and still less for
high test sleels. The most suiteble meterial ior ingot molds .
15 cast iron, the siructure ot which consists o1 e penriitio- {

ferritic metrix &nd a smull emount of fine graphite.

The presence of free carbide is not permissible, For small 3
molds iron containing 10 to 15% ferrite is recommended and for : i; -
large molds 20 -60% ferrite. A
The following composition wes recommended by M.N.Blinoff: e

i

Co 2.3 = 4.0%; 81, 1.0 - 2.2%; ln, 0.8 - 1.0%; P, 0.1 - 0.25%; : SRR %
SIS
s < 0.1% |
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It is else recommended that cast iron te meltsd in ¢ cupols.

#olds of & higher durebility mey be produced of cest iron to ﬂ
R

which 0.5% Cr, & small smount (0.2%) o1 titenium snd molybdenum ;g

are added. Addition of chromium incresses statility of iron o

cerbides durine heating end prevents the cest iron srowth
) o - N
at 500 - 600 C. Nickel addition incresses the resistsnce to

growth.,

Diiferent types of iugot-molds ere shown iy fim's 139 sand
140, pp. 441 &nd 443,

PART 17 - POURING PRACTICE 2 PP 462 - 472

This pert is o1 no particular interest.

PARD 1C - PIPE FORMATION AUD AXTAL UNSOUNDNESS PRLVLNTION

LLTHODS pp. 473 - 469

The principal methods to brevent unsoundness in steel
ingots are mechnenical and thermal mathods. liechenicul arrangement
of compression is iliustreted on the sketeh, fie, 14y p.a74.
lngat mold w £231152 W1Lﬂ liguid steel 1is trought on carrisge II
under press rest C. Compressing loed is 15 atm. ¥eavy ingota
{ B% snd 133 tons) were compressed for 2-32 hours. The reduction
in heipht resched 11%. Fie. 150, p.474 shows the lonszitudinel
eross-section of compressed Steel end trhe shrinkeze cevity. ?

According to the authors this method may produce excellent

results in those casiings the central portion of which has to

be drilled out.
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Fieg. 102 p.47: shows the compression of liguid steel
by res. This method was found to Tte unsatisfactory.

In fig. 157, p.479 is8 presented the method developed by
v.V.Lermontoff. 1o0ld with liguid steel is jolted by means
of a lever | 5-8 times per mia., drop 10-12 mm) during cooling.
ihis method pro?ed tc te satisfactofy. The vertical cfoss
section of & steel ingot produced by this method indicetes the
abgerce of wrs cavities.

Difterent methods of heatin~ the top pert of inrot to

keep it hot during feedins sre slso discurged.

PART 19 -~ TEMPLIATURI AND SPLLID "F TEL CASTING PROCEDURE, pp 490-495

Tappine tempersture of steel, alloy steel in perticulsr,
should Te 1251136 C atove the Liyunidus. Temperature measurements
should be made with Pt/Pt.Xh thermocouple. Holding time of
steel in the lasdle should be 5 - 15 win. The pouring rate
shouldn't be higher then 2.5 tons per min.

Pouring time vs; Ingot's weirht reletion is presented diasgremmsti-
celly in fig. 163, p.4v4. The insot's weilsht is plotted as .

abscissa end pourine time as ordinate.

FART 20 - CRYSTALLIZATIOL O¥ S7Till POURLD INTO LOLD, pp.496-527
+o
The 1liyuid state wes considereias tng lorous the geseous

stete, charscterized Ly the iLerm "s molecular chaos™
Some recent investiocatdB8 remsrk trst slthoursh the molecules

(atomg)in the 1liguid, es we heve in the cgs, ere £1l1 the time
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in motion, the intermoleculsr distences in & iijquid remein constent.

4 hypothesis was amdvanced ity sore fhat in the liquid metsl,
perticulerly et temperstures close to the 1{qﬁidns, are present

very fine Eroupa of microperticles;tbe stTUCtﬁre of which is

similer to;tbat ol tre golid metal; 'ne suthors stiete, nowever,

thet thefe are not enoush dats es &et‘to draw:eny definite conclusion.
Didi{ferent fﬁctors which gffect cryétailizatioé ot stécl ore diéscussed.
These tuctors asre: tempersture ofimold enad liquid Steel, wall
thickness ot mold, the rste o1 poufing end motion of liguid metsl

in the moid, msterisl arnd speciliclraat 01 lire mold, chemical
composition of metel, reges snd ma%s effect of cest ingot.
Tscernofi's:sketches o1 dendrites {fip.166 &nd 167, p.505) und
mecrostructure (fis, 1éy, p.s0Gy) SHOWing three zones orf crystsllizetion
are pre;cntéd. A portion o1 ihe 1gon-cerbon constitutionsl dierrem
shovin~ three zones of crystallizetion is civen in 1ig.173, p.526,

I - Zone of primary crystallizstion, IL - "one of srenuletion, nnd

i?l -~ lone or secondary crystnllizetion.

PrRT 21 - TINOT 'S s7oroamrns Aw RKITTI™ (aquiet) SPEEL, op. 526-549

£ Schemstic drewin- of v cr&stnllinv gtructure of n steel
inrot 18 presentes in ii-. 195, p.d2Y.,  An sttemptl was mede vy
Troutin to estabtlish & relstion Letymen tha pipe c¢cevity's formetion
in = steel inrot tnd tre ses sahurqfion in tre metel. specific
Fravities o: steel snrd ireps s0lultiility velues (ét 1l stm. pressure)

in iron ior diizerent tenuerstures are sroan in tira's 177 &na

J-—- Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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178, p.532, respectively. Tt iz to te noticed 1rrt witrin the
30lidificetion Interval these 1lg a pronouncedéd decresge of -gg
solubility end an increage of gpecific sravity.

The pipe cevity: ds 1illed up with seses, mostly rhydrogen.

The gea pressure developsdé mey Ve s kigh &8 3 atm.

The chemicel enalysis of those pase wes iound to ce: 2.9 % My |
1EY%Co; 2% LHy [ )4V Cop ) 15700y [ 1,57 My

jome invectizetors cleim thet HCN mey elso be present.

Accordins. to V.MM ,Tafruecv, the time o1 csmplete solidificetion

cest ingot msy Le cslculatad s 10l)ows:

Z(—/"s’ = 0./ / <. 7%2. where ”
Z;< g time 54 comnlete zoliditicetion in minutes and ;
X ~ redius in cm. (for syuere and polyredral incots, rediue nf ! %
Ilnscrited circunierence).

DART 22 - INZ0OT'S JTUURE OF Y

WILD STLE L,

ne 580 -~ 3G9,

Ingot's 'structurees ot wild 1 are illlustreted in fie.185,
0,352. The gtructure ic n

sccordine to D.Xl.fchernotr: (1876} the lsrsest portion of

gaseg mre evolved ut the very, berinnins o1 soliditicetion oi
stesl and they consist mecetly o1 CO whereas accordine to Muller (1878) %
the mzin factor responsitle tor blow roles is hydrogen. ?
The 3cheme o0t btlowhole tormetion, &S gdegcrited bty Tchernotf in R %
1676, 13 illustreted in fir.lﬁé. p.55%¢. Accordine to nim, the form l
|
i
|
) f
|
|

-00809A0Q

—
i . o’
Veoo L
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of & blowhole @ay chenge in wccordence with the reletive rates
of the Ddlow hoig’sformation end steel crystallizestion.

This is illuetrsted in ig.187, p.355.

il
“?
\1
|
PART 23 - SEGREGARION IN STELL INGOTS, pp 567 - 605

An exampl% 0f chemicel heterogeneity is presented in
table 108 p.573.

Ti:ls tevle is ¢ sumuaary of the chemical

L j
anslysis results of 17 inesote, eazh weiehin> 1.8 tons znd cast of
|

L '
e killed steel into similer molda. The samples were taken from

%
8 difforent spots of eech incot (see ip. 195, p.574).

Sepregations of V V awt A typee ere discussed and illustrated

in fis., 196, p.$74 end fie.197, p.575, Iies. 1956 shows macrostructure

(deep etching) of g heavy inooct eancé¢ {fig. 197 - sulphur prints |

|
of & 3 tong inzot. Fip. 148, p.576 illustratesmecrostructure of
an inpot welghing 28 tons snd cest into & sand @wold. Sulphur :

prints of s wild stecl luawot are shown in fir.200, p.5E7.

i
N Lo~
Al d

cxreont lectors sffecting segregation are considered.

|

PAXRT 24 - GASES IM STEEL, po 606853

Gapes can diffuse only in the atomic state. The rate of sas

|
diffusion increeses with an incresse o1 it's partiel pressure.

The solubility oiXatomic zes in the metel VsS. tampersture is

13
‘ . s
expressed ty zormls S = C € kT where S - solubi-
|
lity of vas . in metas; C - constent; I - reet of solution, or
\.

heet of formetion lof 2 cremicel compound;
I

K - Bolzman's constent;
T - ateclute tempgrature.
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A:comprehenaive Study or vases evolved durine crystallization \\\\
0f steel inzot was mede by 1.I.3oubboiin. The data cttained ere \'\_\ g
pfesented”in table 120, p.630. In the first column of this tsble ‘;k
are given semples’ numbers, in the second-minutes, in the 3rd to Cote

7th columns -~ percents of 02_. ; C'O) }‘11 ,CD?_. el /V'z.. .

PART 26 -~ NON-METALLIC IICLUSIONS IN STELL, pp. 654 - 676.

Lndogenous end exogenous types of inclusions sre deseribed.
Ternary disgrems ot different oxides systems are presénted in

fir's 227, Dp.c37 to 231, p.661 inclusive.

FART 26 - SUALITY CONTROL OF STiLL ING 07 AﬂD}?ALUATIOU (33

PROPERTY OF éT;hL.‘ED.677-6§§

[B]

Thies part is of no periiculsr lnuterest to imericen

- metellureists . !

DART 87 - DAFTETY MLEASUX: s UsLD 11 THr OPEN-HIARTE POUNDRY, PP.084-6Y5

PART 28 -~ CALCULATIONS OF MATLRIAL AND THERMAL BALANCES IN THL ) ;
OPLN=HLAKYH PROCLSS, pr. 096-758

Ditto.
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BIBLICGRAFHY, pp. 709-703

There sre 1y5 references, 54 of which are foreign
publications, Unfortunately; titles ot foreign putliestions

sre written in Russian lette}s.

Reviewer's remerks

Some peraerephs ot the book are too sketchy end not cleer
enoush, whereas other are unéuly lengthy snd corntein too muny
unnecesesry deteils, Lhearet%cal disgcussions enA repetitions.
Ir 7enerel, tre muterini preéented in this text book is feirly
well known to American Hetelfurnisfs. I'evertheless soma perte ‘ i
0of the book selected by tke reviewer would probably be ot some ‘
interegt, It is very signifiéant thet, evidently ror nolitical
reesons, in their discussion on crystellisnetion or steel no
mention wes made L, the suthors of the work o1 "olonel N.T.kelaiaw,
the sblest pupil ot protf. Pchernotsr. In reierins to jiis work

Snzuveur ("The wetelloyrenry £96 Eest frestrent ot Iron end steel”,

Altert Suuveur, Lecond wGltion 19les, Dex0b) stated thet "we are

2em D
aige

(42

ted to Couluunel Belaiew more tnear to any one else for our

knowledee ot th= erystellization or asteel”,

| %/{% S7ED
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BIELIOCRAPHY, ppl "ou-743

There sre 195 reierencee, 54 of which are foreien
publicationef Unfortunetely, titles ot foreign putlicstions
are written in Russien letters.

i

Reviewer's remarks

Scme pa.ygréphs 01 the book are too sketechy snd not cleer
erourh, wheresas ofber 5re'unduly lengthy e€nd contein too meny i
unnecegeery detailé, thenretical digscuseions gng repetitions.

Ir senersl, the mu&crial rresented in this terxt btook is feirly w
well krown to Amcr?cen Jetellurcietg, !"svertheless some perts !
of the bvook selcct%d b7 the reviewar would protably te ot gome :
interest. [t is v;ry sisnificant thet, evidently ror politicel

regsons, in their Aiscussion on erystellizetion o1 steal no

I
mention wes made Ly the euthors of the work oi Zolonel N.T.Relgiew,

the gblest pupil 9¢f prof. Pchernocir. In reierin> to fﬁis wory

Ssuveur ("The welsllorrsnry £nad Fegt ‘restmerit ot Iron ang Steel”,
i . . - . .

Albert Swuveur, second ditiop ivle, p.20%) stated that "we aie

indebted ta Colonel ualaiaw Woere iien to mny one else for our

e e e b T

knowledze ot :1ha erystellization or steei”,

25X1X

et A, 273
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25X1A
IRON ALIOYS — I EIE
. oy
Iron-Chromiun~Allurinum Alloys by I. I. Kornilov of the Institute of o
—-——‘—\—_\v__
General and Inorganic Chemistry, Laboratory of the Ircn Alloys. tublished “" .

by Academy of Science, Moscow 1945.
Part 1 of this book consists of the general theory of equilibrium

diagrams.

Part 2 is a discussion cof binary equilibrium‘diagrams of Fe-Cr, Fe-al,
and Cr-Al,

Part 3 is a discussion of the ter’t’xary equilibrium d.;lagram of Fe-Cr-Al.

Part 4 is a microscopic study cf the various phases that appear in
the Fe-Cr-Al teruary diagram in the annealed and heat treated conditions.

Part 5 is a discussion of the physical properties of the teruary
solid solution.

The electrical resistance of arnealed Fe-Cr, Fe-Al and Cr-Al binsary
alloys were found to vary as follows:

{1} In Fe-Cr elloys, it was found that as the Cr in Fe increased
the electrical resistance increased. The percentage of Cr varied from
C W 45.05.

(2) The Fe-Al alloys showed that as the Al increased in the Fe,
the electrical resistance increased up to about 23.6% Al; then the resistance
dropped and again began to rise; but it did not increase to the extent
reached with 23.6% Al. The maximum Al recorded is 38.9%.

- (3) The Cr-Al alloys showed that as the Al increased in the Cr
the resistance increased and reached a maximum at 14.08% Al and then dropped.
The reaistance apgsirn bepan to ~ise and this was follows Yy another édrop.

The maximum Al recorded was 21,65%. . ,

L
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In each case the pure metals showed the lowest resistance. Results
show that either Al or Cr or both when added to Fe increases the electrical
resistanca,

The results of the heat treaied sumpies were similar ts the annealed ones.

The same genersal results were obtained in thermal expansion, namely,
the greater the amounts of addition elements added to iron, the greater
the thermal expansion between O and 1000°C.

The parameter's values A for tha binary Fe Cr and Fe Al alloys are taken
from the fureign literature (Preston; A. J. Bradley and 4. Jay) data. The
parameter's values {or ternary Fe-Cr-Al alloys are V. G. Kousnetsoff's
unpublished data. The first column of the table shows atomic rercents, the
3rd, 5th, 7th end 9th -- weight percent. Within tae limits of ternary solid
solution a(3 a trend in parameter change is similar to that of binary Fe-Al
alloys. It may be supposed, therefore, that in the Fe-Cr-Al system, in
alloys adjacent to Fe-Al side there is also a formation of the super-
3tructure of the type of Fe3 Al and Fe Al compounds. Steinbergt!s magnetometer
was employed for the study of the magnetic properties of the ternary solid
solution. The Curie points were determined when heating speciments in the
magnetometer. The intensity of the magnetic force was measured by msans of
a ‘galvanometer. The ternary alloys, whose magnetic rroperties were studied
by the author, included alloys containing up to 100% of chromium and up
to 251 aluminum. The change in magnetic properties with temperature of
some alloys ig shown. The compositions of these alloys are indicated
on the curves as Cr %Z/Al1% ratios.

Fart 6 13 a discussion of the mechanical properties of the Fe-Cr-Al

teruary solid solutions.
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Here like in the electrical resistance and thermal eXpansjon results,

thu hardness increases as the amounts of Al and Cr are increased in the iron.

Tensils strengths and percent elongations are shown below. ".7.;-,.
§ 90' ["2‘1#30 o Cr ‘ 5& |’,‘
§ T ‘f-/.!S 4—,, .c(_;n s It will be notad that the S
) e O & R paimm tensile strength was P
Y " g0 & obtained from the Fe alloy ;

N 1670 9¢ Cr , 2 containing 30% Cr and 10% Al.
§ . 15 518 s On 20 §
\ — -25%9 On ™
N 0 ST 27305 ga i .
LT e ey Ay

Taere was no change in the ?.mpact toughness of iron with the addition of
chromium up to 15-16%. As the chromium is increased above 16% there is
an abrupt decrease in the impact properties. An abrupt decrease in' impact
properties also occurs witk more than 4% aluminum.
Part 7 shows the results of oxidazation tests due to heat. :
The results of these tests showed that with the inerease of Cr up ,
to 17%, the oxidization decreased » and above this amount the effect :
of Cr was less than the effect of Al. With 10% Al the good results were
obtained. However, the Cr added materially to the oxidization resistance of '
the alloy. With 65% Cr and 10f Al the best results were obtained. The
tests were run ai temperatures up to lAOO"C/d and for 120 hows.,
Furi 5 shows the influsnce of a fourth component on the properties 3
of the wr"@ry solid solution, .
The heat resistance of the Fe-Cr-Al alloy decreases with the increase :
in carbon content. The presence of titanium within the limits of its
solubility in the solid solution has a beneficial effect on the heat

resistance.
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Part § gives the production technology of Cr-Al stuls.

The author refers to V. Hessenbruch's work (Mstalle and Legierungen fur
hoks Temperaturen, Springer, Berlin, 1940).

Fart 10 gives the methods used to obtain carbon free Fe-Cr-Al alloys. :

%G’Hq

T

Part 11 gives the technology of production of heat resisting Fe-
Cr-Al alloys.
The raw materials employed for the preparation of these alloys were:

1. Armeco Iron 2. Chromium-aluminum hardeners and ferro-chromium—aluminum

hardeners. ;3. Ferro-aluminum (up to 54.5% Al). 4. Aluminum powder.
Slag used cor—~ecsponded to the ternary éutectic whose melting point is
1345°C.

Melting was carried out in high frequency induction furnaces of
laboratory or mroduction types.

Method 1 — Arm€o iron is charged and melted under a layer of slag
and all necessary additions are then made. Method 2 - Armco iron and
pieces of hardener are melted under slag and the remaining portion of
charge is added. The effect of vanadium, molybdenum, zirconium, niobium
(columbium) and titanium on crystallization of ingots was studied. :
Theso clements were added in the form of their ferrc-alloys 5 minutes
before pouring. The metal was poured at 1550°-1560°C. Cast ingots were
longitudinally sliced in helves and their macrostructures were examined. _
It is shown that high additions of Molybdenum, zircenium and niobium - ‘
(a, 0.49% Mo; b, 0.47% 2r and V, 0.46% Nb) failed to produce a significant e k .
effect on the Primry structure of ternary solid solution o{ . The S .
somcuwhat hatter results were obtained with 0.3% and 0.5% additicns of .

vanadium, The most beneficial effect on the refinement of the primary
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structure of ternary solid solution A 3 wes obtained with additions cf
titanium. The ingots free from titanium show a large zone of trans-
crystallization and cencentric cracks, whereas those containing 0.4%
Ti possess a fine crystalline structure.
Ternary alloys, containing 30% and up Cr, located within zone

A 3-;.5 phases, cannot be cold drawn. The alloys situated within
a zone of ternary solid solution°<.3 contairing chromium up to 27-28%
and aluminum vp to 6~7% can be drawn. The absence of carbon and a reduced
content of silicon make the structure of alloys homogensous and permii an
increase in the 1limit of the aluminum content. The same factors permitted
the production of wire of 0.03 - 0.04 mm. diam.

Part 12 gives the fundamental rroperties of the alloys.

The following four ternary alloys are considered here: iron-chromiwn-
aluminum alloy No.l, 16% - 18% Cr and 4.5 - 6.5% Al; alloy No.2, 23% - 27%
G and 4.5% - 7% Al; alloy No.3, 40%  45% Cr end 7.5% - 12% Al; alloy No.4
654 - 685 Cr and 7.5% - 12.5% Al. All these elloys are located in the zone
of ‘cerm-u'y s0l4d solution. Accordingly they possess a homogeneous ferritic
structure.

Part 13 gives appiicaidon ol Te-Cr-Al alloye.

Plants are now producing from No.l and No.2 alloys hot rolled
ribbons ;:f-, 3, 3.5 and 4 mm. thick and wires of 5.5, 6, 7 and 8 mm thickness.

The cold drawn wires may be obtained as thin as 0.03 - 0,04 mm.
in diam. Cold drawn ribbons of different thickness (up to 0.2mm) are
produced. Electrical loadings permissible with No.l and No.2 alloys
ape as follows: at temperatures up to 200°C permissible load is 1.6
to 1.8 watt/em?; at 1000°C,; 1.3 - 1.4 watt/em?; and st temperatures

11009C and higher 0.8 - 1.0 watt/cmz. The permissible loads are increawing

-5 =
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with an incresse of heat resistance of alloys. Thus, for alloy No.2
they are higher than for alloy No.l, for alloy No.3 they are higher
than with alloy No.2 and for alloy No.4 =~ higher than for alloy No.3.

BIBLIOGRAPHY pp. 185-189 -~ There are 210 references of which 70 refer
' 10 Russian authors.

Reviewer's remarks

This book should be of interest to American reader., particularly to
those thoroughly familiar with the subject.

The book contains 51 tables and 154 fipmes. A great majority
of them would require & lengthy description which is impossible to make
in a short abstract. It is suggested, therefore, that the reader consulte
the wext as indicated in the present review.

It is considered that magnification of some photomicrographs 1s not
adequate; 4t is not high enough for a correct interpretation of the

structures discussed.
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V. 5. Doubovoi, "JFLAKES IN STEEL" (Flokeni v Stall) * e
Government SclentitisTechnicel Publiching House of Ferrous and g
Non-Ferrous Metallurgy, Moscow. 1950. jTde

Book 332 pages, divided into T pax™ -

PART I - CRITICAL ANAI™~"Z., OF DIFFERENT THEORIES
pp 12-36

Verious theories r—...erning the origin of internal fissure (fla.kes)‘
\
which me> uvccur in steel are reviewed. The gas tubbles, shrinkage cavities,

high carbon, phosphorus or nitride segregations, non-metailic inclusions,

internal stresses, or hydrogen are thought to be, by different authors,
the principal cause of this phenomenon. All these theories are divided ‘
by the author into nine categories and the arguments Tfor and azgainst the%e
theories are discussed. The cuthor believes that none of the existing
theories exploin saticfactorily the origin of flakes. The most plausi‘bl“:
explanation 1s the hydrogen theory. However, hydrogen does not seem to
be the only factor promoting flakes. None of the existing theories can |
explain the fect that no flakes were observed in certain types of steedl.

PART 2. EFFECT OF HYDROGEN ON FIAKE FORMATION :
TP 3791 g

!

Chapter 1 - Flake-sensitivity of steel. It has been established th?a.t ,
. ' \
flakes occur mostly in nickel, chromium, nickel-chromium, chro:uimn—nicke;l-
molybdenuws, and some other alloy steels; i.e., steels of martensite and

i

\

|

pearlitic types. i
The "Electrosteel” plent mede extencive investigetions. According |

\

to the outhor's observetions, the alloy mertensitic stecels are more prone ! .
K4 i
to flaking than the clloyd pearlitic steels. In both cases the tendency!

|
¢o produce Tlalies inerezczes with the increose in the carbon content. The

<
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stecels listed that have the greatest tendency to flake ure chromium-

nickel, chromium-nickel-molybdenum,~tungsten, and chromfum-nickel- 1‘
vanadium, in the high, medium,“ and 16»: carbon types. The steels that ‘
i tungsten .z.s includeél

cerbon types. The

flakes seldom occur are relativély the same except no
and the carbon content varies between medium and low
steels where no flakes were obﬁerved consists of the high speed tools
steels and chromium type of sta%inless steels. ‘~ ‘

CHAPTER 2. INFLUENCE OF HYDROGEN ONM THE FLAKE -SENSIVITY
OoF A.LLbY STEELS, pp 37-90

18 heats of nickel-chromium-molybdenum steels and 2 chromium |

I
steels were made in different plants using the basic arc ond high frequency
!

induction clectric furnaces. The molten bath was treated with different '

amounts of hydrogen which was introduced into the melt by blowing it
through the molten metal or b biotdng‘stenm into the furnace atwosphere. ‘
! i

Temperatures were measured with Pt/PtRh thermocouples. Chemical analysis '

were determined on samples of molten metal talien before pouring into the

ladle. Steel Ingots were hoi forged or rolled and out into cections. ‘
; i

These sections (samples) were then cooled at dif'fTarent oo

ing crale. !

Some samples were cooled in sing ‘}.otton‘ (vwcol), whilst others were air-

cooled or cooled In warm water. (The results of these tests are given !
in Table 5). The elloy steels contaiaing 0.0004%8 to 0.00063% hydrogen |
ond cooled at 3 different coolingi‘rates didn't showv any flaoles, vhereas
alloy steels containing higher amounts of hydrogen and cooled in air or

varm water flaked. Mo flekes were observed in ony steels cooled in slag

i
cotton (wool). However, the author stutes, these results do not entirely

prove that hydrogen is the sole factor responsible for flake formation

in steel. The structurel transformations taking place

during alr or water

)
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coolinug of steel semples produce stresses vhich in turn may be recponsible
for fleke formation.

CHAPTER 3- EFFECT OF EYDROGEN ON THE FLAKE-SENSIVITY

OF PLATN CARBON STEEL pp 9L-152
There were five plain carbon steelé investigated. The carbon content
of these steels varied between 0.47% and 1.01%. Each melt was trested

with hydrogen. During the first pefiod%of melting a. tiny stream of water

wes run Into the furnace and then (peric;d of refining) hydrogen was blown
through the melt. Z(Result?ggf ges ﬁnal.::/sis angd températures of the molten
metal, as measured by Pt/PtRh ‘thcmécoﬁp;l.e at the time of taking samples,
are given in Table II. The tempere:ture% are showm in the last column, while
in the preceding columm are glven '1“. Qrcents (weight) of the total
hydrogen content in the molten meta;y\ The ingots from these melts vere

hot forge?l or rolled and sz2ntioned 1nto‘samples. Different rates of
cooling of these samples were used, :’the‘samples being cooled in slag cotton
(wool), in air, or warm weter. The samples cooled in slag cotcon (wool)
were free from flakes, whereas all samples cooled in alr and warm water
exhibited flakes. Most flakes were ;obsérved in the woter cooled sammles.
"I'he number of flakes increased with ‘an increase in the carbon content.

The flake length of air end water-cooled steels were 0.6 to 2.1 mm., the
maxinum length being 8.3 mm. The fiake length in the alr-cooled samples
increased with on increase in carbon. fhe following conclusions were drawn
by the author from the above c:cperixzients;: 1. The low manganese (< 0.40%)
and low silicon (=& 0.32%) steels may éhow flekes. 2. The hydrogen is
the factor responsible for flake i‘ozfnm.tion. 3. By repulating the rate of
cooling it is possible to produce s't.eel free from flakes. It may be

adsuwaed thal during siow cooling e portion of hydrogen is removed, the

AM;:J»
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|
remaining portion being too Fmall to promote flake formation.
and errangsment of flakes in! the water cooled
|
This ppenomcnon cennot be explained only by the

The size

samples were quite different from
thoss cooled in air.

hydrogen theory. Evidently %e are here dealing with some other factor
\

besides hydrogen. Accordingito the author,

internal stresses produced by differen*

this factor results from the

cooling rates cf the imner and

outer zones of the sample an4 subseguent ununiformity in structure. The
|

arrangenent of quenching craéks and flakes on the cross-sections of samples

indicated that maximum strcss%s ware located in radial directions.

PART 3. THE MOMENT AT WHICH FLAKES ARE FORMED PP 90-152

on this subject by various Russian and

The hypotheses advanced

foreign investigators are rcv#cwed.
|
steel ingots of nine heats ware investigated

\
All these heats were treated with hydrogen by blowing it

In order to esteblish the exact time
at vhich flakes are formed

by the author.
|

through the melt. The ingots were forged into
\

of 85 to 90 mm. and sectioncdiiuto samples 250 mn.

square bars having sides

long. At the end of

the forging operation the tcmpkraturc of the forged bars wara 1000°-1020°¢.
1lst series of Tesis: 7"'0!‘! foolin
“T1E83S Oi lesus
|

& the nickcl-uhromium-moiybdcnum

steel some of the samples werel placed vertically on the sand floor while
i

other samples were put on the %etal floor. The minisum distance between

eamples was 1 meter. They were cooled to =

The average cooling |rate for the interval 900o to 30°" wvas 2°C
|

temperature of 30°C in this
position.

-

|

Per minute for the first sroup jand %°c per min. for the second. Thesa
|

samples then were subjected tojaging at room temperature for different

periods - O,l,h,S,le,l6,2h,k8,72,96 and 360 hours; for the second group of
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the meximum lsngth of the aging time was 720 hours. The aged samples were
pleced in the snnealing furnace and held there at 550°C for 16 hours.
After this operation they were placed in slag cotton (wnol) and cooled to
150°¢. .Afterwards, semples were put egain intc the furnace, and slowl
heated to BEO°C and held at this temperature for b hours.j Again they were
cooied in the slag cotton to 150°C, then tempered at 650°é for 16 hours

and finally, cooled to room temperature.

2nd series of tests: Some specimens of this series were air cooled

to 3000; 2000, and 100°C, pleced into slag cotton and cooled to 30°C. Next,

they were tempered E.Lt 650°C for 16 hours and slag-cotton éooled. Othex
specimens were cooled in boiling water and then in cool water (3000) . One
helf of these samples were heated at 650°C for 16 hours @d cotton-cooled
to 30°C. The others weres aged at room temperature for 36Q hours ana
tempered at 650°C. In addition to the foregoing cxperimerits, one sample
from each heat was cooled after forging in slag-cotton to ‘30°C, the cooling
rates being 15° - 16°C per hour in the interval 750° - 450°C and 5° - 8°¢
per hour in the interval 1.'500 - lSOOC. The cooled samplcs‘ were aged for

260 ¥

£os 10 howrs and slug-coiton coolea.

- b e m e e T s
woure in olr, tompercd ot

3rd series of tests: The specimens from the Tirst gf#qup of heats

after forging were air cooled to 200°, 2009, and 100°C and’ specimens from
one of tae second group of heets vere air cooled to 200°, 150° and 100°C.
They were then aged a* thase temperatures for 1, 4, 8, 12,3 16, 20, and 24
hours. One sample of each of the above groups was air cooled to 30°C and
aged at room tempsrsture tfor 360 hours. The second sample}ta.ken from the
above groups was hected at 650°C for 16 hours, slag-cottor coole for 16

hours and aged at rcom tempsrature for 36C Y“wours. In summal izing the

L_. J—A Approved For Release 2001/07/31 : CIA-RDP80-00809A000500170204-4
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results of these tests, the following conclusions were drawn by the
author: 1. The momsat of flake-formetion depends upon the chemical
analysis, rate of cooling and degree of flake sensitivity of the steel.
With an increase of nickel, manganese, chromium and probably some other
alloying elements, the flake-sensitivity increases. A% the same time the
flake formation moment occurs at lower temperatures. An increuse in the
carbon content also increeses flake-sensitivity of stesl, but the moment
of flake formation is shifted towards higher temperaturss. As the cooling
rate increases, the flake-sensitivity of the steel increases and the
flake-formation moment is shifted towards lower ;tcmperatures. 2. In
chromium-nickel ~-molybdenum steel no flakes are formed at lSOOC and higher
temperatures and in chromium steels at tenperature of 250°c and higher.

3. Depending upon the cooling rate of steel after hot working, flakes may
he not formed at all, or may be formed during cocoling or aglng at room
temperatures. L. The flake formation proceeds gradually. At first fine
flakes muke their appesarance. With further conling the flakes iacrease

in slze and number. Flake formation may last for very many hours,
rerticulaily in the high alloy steels, possessing high plastic properties.

PART Y4 - PREVENTING OF FLAKES FORMATION BY HEAT-TREATMENT
Pp 153-253)

Some investigators came to the conclusion that holding at temperatures
above AC, has no effect on the flake-sensitivity of steel. The author
does not agree with tnis and states that his exparim=nts demonstrated
that an Lamunity to flake-sensitivity may be obtained by an isothermal
holding of the forged steel for o definite period of time 'dcpending upon

the chemical composition and tempersture. It has been established by the
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snthor that Looth*rmal holding has an effect on preventing the fla.ke

formation ir the chromium-nickcl-molybdcnum steel within the tcmpcra:bure
‘ [

interval 150° to 11‘50°c end in the chromium steel within 250° to 1000°C.

It mey be pointed out that the grains of chromlum—r\:.ckcl—molybdenum and

chromium steels become very large at temperatures of 1150 C and lOOO

respectively. We also ¥now that with an increase in grain size the plastic
\
properties of s*l:e:e]T are lowersd and the fleke-sensitivity, therefore )
| |

i
increases. }

Of all the gases known which can dissolve in the ferrous &'Llc%ys,

|
| \
hydrogen possesses H:he highest rate of diffusion. It is different for

|
different ..tructura.l phases of steel ond is increasing with a temperaturc

increase. It is known thaot in the case of alpha iron, hydrogen evolutions

take place at high\a.s well as at low temperatures, 200°, 100° N zmd even
room temperature. 'However, at low temperatures this process pror--ds

| [l

slowly . There is ﬁractically no hydrogen evolution at low tempcrzjituxeu
! J
from gemna iron. | }

With a dccrcasc in the hydrogen concentration in steel, the interna_l
stresses bLecome lowcr and the plastic properties higher. This, the

author states, cxyiains why the isothermic treatments (above and below AC),:
| ‘ X

| ‘
nay prevent flake formetion in steel. ;
; | : ' Doa .
} } o R
PART 5 - EFFECT OF HYDROGEN ON MECHANICAL PROPERTIES OF STEEL ’
? 53 2‘51'.-?.70
|

With an increase in hydrcgen the ultimate strength, impact tbu.glmesc

and particularly elongatlon and compression of steel decrease, wh*reas

the proportionsl J_J.mit and yield point are raised. For certain hyd.rogen , ‘o‘

content, (dli‘fcrcnt for different types of steel) the break occur‘s. wi‘bboum

any elongation éndi formation of a neck. This phennomenon iudicates a
i ! ? ‘ ,
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complete loss of the plastic properties of steel.

PART 6 - NATURE OF FLAKES Pp 271-293

It is well known thet flakes gquite often eppear as silzeable areas
of silvery brightness on the frecture of alloy steels. The fractures of ..
samples of flaky steels are illustrated on figures 83 to 87 (pp 271-275).

On the basis of his obsarvations, the author comes to conclusion

that flakes are hair cracks.

Many investigations were conducted during the laet saveral Yyears on
the weldability of flakes. The results obtained vere discussad at length
by a special committee of the Eastern Metallurgists. It was decided that
flakes may be completely welded by hot rolling, but that the reductions
used must ;ary according to the flakes arrangement and type of steel. One
should remember, however. that welded flakes may appear again. Therefore,

meny plants remain suspicious on this matter.

PART 7 - FACTORS INFLUENCING THE DEVELOPMENT OF FLAKES AND MECHANISM OF

THEIR FORMATION pp 294-327

Different factors which may promote flake development are considered.

These factors are: non-metallic inclusions, mechanical stresses, thermal

stresses, structural strcssca and hydrozen. The author believes that hydro- s
gen and structurel stresses are the two princlipal factors responsible for '
flake formation. ;

Bibliography (pp. 328-331) There are 72 items of which 4O refer to
Russian publications. -

Reviever's remarks: This book is difficult to read on account of an

excessive number of detalls wvhich are not well coordinated. The arguments

=Y 1n

actor respunsible for

i
o
t

vy

egainet the hydreg

..... he dreoge
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the presence of fiskes) are somevhat conflicting and not entirely convincing.
However, some date presented by the author and described in this review

should be of interest to American readers.

5X1X

January 5, 1953




